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AOCNIAXEHHA POBOYOIO NPOLIECY KOCOBCTAHOBJIEHOIO BIABAJIbHOIO
POBOYOI0 OPIrAHY I3 JIONATEBAM CPEPUYHUM METAJIbHUKOM OJ1A KEPO-
BAHOIO BIYHOIO TPAHCIMOPTYBAHHSA IPYHTY

AHOTALIA. lNocmaHoska npobnemu. Npu eupobHuymei 3eMrassHUx pobim oOHUM i3 supilianbHUX
ghakmopie subopy 3emaepuliHux MawuH 015 iX BUKOHaHHS € 2e0MempuUYHi po3mipu, ¢hpopma ma ob’em 3em-
nisHUx criopyd. Ceped HUX pO3roBCOOXKEHI MPOMSIKHI criopydu y euansadi Hacunie ma kopum 0519 asmomobi-
TNIbHUX ma 3ani3Hu4YHUX dopie, MerliopamueHi KaHasu, a makox 3eMrisiHi pobomu o 8iddirieHHI0 MO8ePXHE8UX
wapig YopHO3eMy, 3860POMHOI 3acurnku mpaHwed, 6ydisHuUymea 06opoHHUX 06°ekmig. Takox ekcrilyamauitiHi
pobomu o 3uMo8OMY ympuMaHHIO asmomMobinbHUX dopie xapakmepu3yombscs NPOMsiXHICMio. BUKOHaHHS
eka3aHux pobim y binswocmi eunadkie nompebye 6i4HO20 rnepeMiluleHHs IpyHmMy i3 pe3epeie y 3eMrisiHy Crio-
py0y nipu 6ydieHuymei Hacuriig, 360pOMHOI 3acurnku abo Hasernaku rpu criopyOXXeHHi KaHariie, pigyakie, nowa-
pOB8OMY 3pi3aHHi rpyHmy 3 tio2o sudaneHHsaM. Bidomo, wo 3Ha4yHoO nidsuw,umu rnpodyKmugHicmb 8UKOHaHHS
3emnssHUX pobim y yux gunadkax 00360s19€ 8UKOPUCMaHHS 3eMiepuliHo-mpaHCrnopmHux MawuH 6esrnepep-
8HoI Oii do cepiliHux 3pa3kKig sKux sidHocsimbcs1 6ynb0o3epu 3 KocoscmaHos1eHUM gideanom, asmoepelidepu,
epelidep-enesamopu. BoHu 30amHi 3abesrnedumu 3pisaHHS1 rpyHmMy ma Uo2o biyHe nepemiuwjeHHs. O0Hak
cymmegum HedorsliKoM 3eMIepuliHo-mpaHCcrnopmHUX MawuH 3 KOCO8CMaHo81eHUMU gidganamu — Uye HeMOX-
Jfiugicmb mpaHCropmye8aHHs IpyHmMy Ha 3Ha4yHy eidcmaHb 3a (i020 mexi. BidcmaHb 6i4HO20 mpaHcropmy-
8aHHs rpyHmy epelidep-esiegamopom 0bMexXyembcsi 008XXKUHO KoHeeepa. 3binbweHHs gidcmaHi ma eucomu
gidcunku rpyHmy cmeoptoe HeobxiOHicmb 36inbweHHs eabapumHux po3mipie ma gasu MalwUuHuU i3-3a nodos-
JKEeHHS1 mpaHcropmepa, Wo pobums MawuHy 8aXXKO0H, 2pOMI30KOH, HEMMOBOPOMHOK Ma MasroepeKkmueHoO!.
OOHUM i3 Hanpsimie 800CKOHaNEHHS MalwiuH 05151 3eMsHUX pobim erposadxXeHHs1 iHmeHcughikamopis, siki 0o-
3eos1s7t0mb  36inbwumu npodykmusHicmb ma eidcmaHb 6iHHO20 mpaHcropmyeaHHsl rpyHmy. Tomy nideu-
WeHHs1 egpekmusHoOcmi gid8anbHUX poboYUX OpaaHie 3a paxyHOK erposadXeHHs iHmeHcugikamopie 0nsi 36i-
nbWeHHs 8idcmaHi ma 3MiHU HarnpsMmy 6i4Ho20 mpaHCrnopmyeaHHsl rpyHmy € akmyarbHOK pobremoro.
Mema cmammi. NidsuweHHs egbekmugHoCcmi KeposaHo20 BiYHO20 MpaHCrIopmyeaHHs IpyHMY KOCo8CmaHo-
8/1EHUM 8i08asioM 3a paxyHOK 8UKOPUCMAaHHS iorameso2o chepuyHo20 MemaribHuKka. BucHogsok. Pe3yrib-
mamamu suripobysaHb 8 1TabopamopHuUX ymosax iaudHOI Modersii 3arnpornoHo8aHOi KOHCMPYKUIi kKocoecma-
HOBJ1eHO20 8id8aribHO20 Pob0o4020 OpeaHa i3 jlonamesum CQHepuUYHUM MemasibHUKOM O KepogaHoz2o biu-
HO20 mpaHcropmyeaHHs rpyHmy ridmeepdxeHa ii npaye3damHicme ma 3’scogaHa hisuyHa cymHicms pobo-
4020 npouecy. BukoHaHi meopemuyHi 0ocnidxeHHi pobo4yo2o nMpouecy KonaHHsI rpyHmy 003807uniu ompu-
Mamu MamemamuyHi Moodesii sl BUBHAYEHHSI 2e0MEMPUYHUX, KIHEMamu4HUX ma cusiogux rnapamempig po-
604020 opeaHy ma po3pobku MemoOuKU Lio20 iHXeHepHO20 PO3paxyHKY.
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Knro4voei cnoea: 3emnepuliHo-mpaHcriopmHa MauwuHa, KocoecmaHoesieHul eidear, sonamesud
cebepuyHUl MemarnbHUK, ¢hiduyHa MoOesib, meopemuyHi O0CNIOKeHHS, napamempu poboyozo npouyecy.

RESEARCH OF WORKING PROCESS OF SLANTING DUMP WORKING ORGAN WITH
A BLADE SPHERICAL THROWER FOR THE GUIDED LATERAL PORTAGE OF SOIL

ABSTRACT. Raising of problem. At the production of earthmovings one of determinatives of choice
of earthmovers for their implementation are geometrical sizes, form and volumes of earthen building. Among
them extensive objects are widespread as embankments and washtubs for and railway highways, reclamative
channels, and also earthmovings on moving away of superficial layers of black earth, reverse filing up of
trenches, building of defensive objects. Also operating works on winter maintenance of highways are charac-
terized by an extent. Implementation of the indicated works in most cases requires transferring of soil from
backlogs in earthen building at erection of embankment, reverse filing up or vice versa at building of channels,
ditches, layer cutting away of soil with his moving away. It is known that considerably the use of earth-moving-
transport machines of continuous action allows to promote the productivity of implementation of earthmovings
in these cases to the serial standards of that bulldozers behave from by a by a braid dump, motor-graders,
epelidep-aniesamopenl. They are able to provide cutting away of soil and his lateral moving. However a sub-
stantial lack of earth-moving-transport machines with by a braid dump is impossibility of portage of soil on
considerable distance for his limits. Distance of lateral portage of soil of epetidep-anesamopom is limited long
conveyer. The increase of distance and height of landfilling creates the necessity of increase of overall sizes
and weight of machine from lengthening of conveyer, that does a machine heavy, bulky, unturning and inef-
fective. One of directions of improvement of machines for earthmovings introduction of intensifiers allowing to
increase the productivity and distance of lateral portage of soil. Therefore an increase of efficiency of dump
working organs due to introduction of intensifiers for the increase of distance and change of direction of lateral
portage of soil is the issue of the day. The purpose of the article. Increase of efficiency of the guided lateral
portage of soil by a braid dump due to the use of blade spherical thrower. Conclusion. By the results of tests
in the laboratory terms of physical model of the offered construction of kocoycmaHoeneHHozo of dump working
organ with a blade spherical thrower for the guided lateral portage her capacity is confirmed and physical
essence of working process is set. The executed theoretical researches of working process of digging of soil
allowed to get mathematical models for determination of geometrical, kinematics and power parameters of
working organ and development of methodology his engineer calculation.

Keywords: earth-moving-transport machine, slanting dump, paddle spherical thrower, physical model,
theoretical researches, parameters of working process.

1. ITocranoBka npodJemu. [Ipy BUpOOHUITBI 3eMIISTHUX POOIT OJHUM 13 BUpILIAIBHUX (a-
KTOPiB BUOOPY MAIlIMH ISl iX BUKOHAHHS € TEOMETPUYHI po3MipH, (hopMa Ta 00’ €MHU 3eMIITHUX CIIO-
pya. Cepen HUX PO3MOBCIO/IKEHI MPOTSXKHI CIIOPYAX Y BUTIISAAL HACUIIIB Ta KOPUT AJISi aBTOMOO1IIb-
HUX Ta 3aJI3HUYHUX JOPIT, MENTIOPATUBHI KaHaJIM, a TAKOXK 3€MJISIHI poOOOTH 10 BIAJIIJIEHHIO TIOBEPX-
HEBUX IIapiB YOPHO3EMY, 3BOPOTHOI 3aCUIKH TpaHIIeH, OyAiIBHULITBA OOOPOHHHUX 00’ €KTIB.

OCHOBHMM BUJOM pOOIT Iipu OYAIBHUILITBI JIOPIT, 1110 MOTPeOYIOTh BUKOHAHHS 3HAYHOI Yyac-
THUHM YCIX 3€MJITHUX POOIT, € 3Be/ICHHs] HACUIIIB Ta po3poOKa BUIMOK. 3eMJIsTHE MOJIOTHO aBTOMOOI-
JILHOT I0POTH, SIKE MPOKIIAIAEThCs y PiBHIM a0o maropOHiii MicIIeBOCTI, TPH BUCOTI Hacuiy J1o 1,5 M
3BOJMTHCS 3 BUKOPUCTAHHSAM TPYHTY 3 HEITTMOOKUX BHIMOK, IIIO PO3TAIIOBaHi B30BX goporu. [lpu
Takii opratizaiii poOiT IPyHT NEpeMIILyeTbCs Y HaNpsAMi NepHeHUKYIIPHOMY 10 TpacH JOPOTH Ha
MOPIBHSTHO HEBEJHKI BificTaHi — 25 M. CopyIKeHHsI KaHAITiB TIPH T1IPOTEXHIYHOMY Oy 1iBHUIITBI BU-
KOHYETBCS NEPEBAYKHO y BUIMKaX 3 MONEPEUYHUM MepeMillleHHsIM IPYHTY. BijicTaHp mepeMimieHHs
IPYHTY NpU IbOMY 3aJISKUTh B po3MipiB KaHainy. BkazaHi BUAM 3€MIISIHUX POOIT MarOTh BEIHKI
00’eMHu 1 iX eeKTUBHE BUKOHAHHS MOXIIMBE B MEPIIY YEPry 3a paXyHOK MalluH Oe3rnepepBHOT ii.
[Ipukiiamom CTBOpeHHsI MalMHKU Oe3MepepBHOI [ii Jyisi 61YHOTO TPAaHCIOPTYBAaHHS IPYHTY € OCHa-
IIeHHs1 OyJibJj03epa KOCOBCTAHOBJIEHUM BifBasioM. OJlHAK, CyTTEBUM HEJOJIKOM JAAHOTO poOOYOro
oOJalHaHHS € HEMOXKJIUBICTh TPAHCIIOPTYBAaHHS I'PYHTY Ha 3HA4YHY BI1JCTaHb 3a HOro Mexi. AHajo-
TYHO 1 KOHCTPYKILiA poOoyoro obsa HaHHS aBTOrpeiaepa Xou 1 103BOJIsI€ BUCYBaTH KOCOBCTAHOB-
JIEHUWH B1/1BaJI 3a MeX1 0a30BOi MaIlIMHH, ajie He 3a0e3neuye eeKTUBHE O1UHE TPAHCTIOPTYBAHHS IPY-
HTy. Binctanp 614HOrO TPaHCHOPTYBaHHS IPYHTY Ipeiiiep-eaeBaTopoM OOMEXKYEThCS TOBKUHOIO
KOHBeepa. 30UIBIICHHSI IILOTO TTapaMeTpPy BIUIUBAE HA 3pOCTAHHS MaTEPialOEMHOCTI MAIIMHHU 1 €He-
ProeEMHOCTI pOOOYOTo MPOLECY, HA CTIMKICTb.
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VYCcyHyTH BKa3aHUN HEOJIK JTO3BOJISIE 3aCTOCYBAaHHS Y poO0YOMy 00J1aiHaHHI 3eMIIepUIHHO-
TPAHCIOPTHUX MAIIUH e()EeKTUBHUX TPAHCIOPTYBAIBHUX MPUCTPOIB ISl 30BHIIIHBOTO TPAHCIIOPTY-
BaHHS IPYHTY.

2. AHaJIi3 ocTaHHIX J0cTizKeHb Ta nyoJaikaniii. OuH 13 HaNPsAMIB YJIOCKOHAJICHHS po0o-
4oro o0JiaJIHaHHS MaIIMHU 7S 3eMJISTHUX poOiT — iHTeHcHdikalis ix podounx mpoueciB. CydacHi
B1JIOMI TE€XHIYHI PilICHHS 1HTEHCU(IKATOPIB BUKOPUCTOBYIOTh MEXaHIUHI KOJIMUBAHHS, YJIbTPa3BYK,
BUOYXOBI Ta yJapHi €eKTH, 3MaIIeHHs IOBEPXOHb TEPTA I'PYHTY CTHCIHM MOBITpsM [1-3]. Ane ye-
pe3 CKIAIHOLII 1X KOHCTPYKTHBHOI peai3allii, BAHUKHEHHS JOJaTKOBUX TUHAMIYHUX HaBAaHTa)KEHb
Ha poboue 00siaHaHHS, HEOOXITHICTh YCTAHOBICHHS JOJATKOBOTO CHJIOBOTO O0JIaJIHAHHS BOHH HE
OTpHMaJIHM MIHPOKOro BrpoBamkeHHs [4,5]. Hapasi Ginbmie edekTHBHE 3aCTOCYBaHHS Ha 3eMIile-
PHUIHO-TPAHCIIOPTHUX MAIIMHAX MEXaHIYHUX 1HTEHCH(IKATOPiB NEPEBAKHO y BUTIISNAL JOAATKOBUX
TPaHCIOPTYBaJIbHUX MPUCTPOIB JJIsl 3aBaHTAKEHHS KOBIIa cKkpenepa [6], 3011blieHHs: 00’ eMy MpH-
3MH BOJIOYIHHA Y MalIMHAX 13 BiABAJIbHUM poO0dnM opraHoM [7], 3011b1IeHHs BiicTaHi 6i9HOTO Tpa-
HCIIOPTYBaHHS IPYHTY 3€MJICPUITHO-TPAHCIIOPTHUMH MalliiHaMu Oe3nepepsHoi aii [8-10].

3. Meta po6oTu. [TigunieHHs epeKTUBHOCTI BUKOHAHHS 3eMJISTHUX POOIT 3eMIICPHITHO-Tpa-
HCIOPTHUMH MAaIlllMHAMU 3 BIIBATBHUMH POOOUYMMHU OpraHaMU 33 PaXyHOK BIPOBAIKEHHS €()eKTHUB-
HUX TPAHCTIOPTYBAIBHUX IPUCTPOIB Il 301IbIIEHHS BiICTaHI Ta 3MiHH HaNpsIMy OI9HOTO TPAHCIIO-
PTYBaHHS IPYHTY.

4. Marepiaau Ta MeToau. 3anpornoHoBaHe poboye obsamHanHs Oyibao3epa (puc. 1) 3 xo-
COBCTAHOBJICHUM BifBaJioM 1 Ta chepuyHUM JIOMATEeBUM METATBLHUKOM 2 3 MiJIIMITHUKOBOIO OIO-
poro 3 3 IPUBOJIOM Y BUIJISLAL penyKkTopa 4 Ta rinpoasuryna 5. Ha omopi 3 ®oOpcTKo 3akpiruieHa Be-
pTUKaJIbHA CTiliKa 6, sika 3a JOIMOMOTOI0 IapHipa 7 3’€IHaHa 3 KpoHIITeHHOM 8 Ha BinBaii 1. Bep-
TUKaJbHA BiCh MApHIpa 7 MPOXOAUTH Yepe3 HEHTP CPepUIHOTO JIOMATEBOTO METalIbHUKA 2. BepTu-
KaJlbHA CTiiKa 6 Ma€ TiAponpUBiA MOBOPOTY Y BUMIIAI TiApoUiTiHApy 9.

=T

Puc. 1. KocoBcTaHoB/IeHHI BigBaIBHUN POOOUHIA OpraH i3 JONaTeBUM CHEPUUIHUM METATLHUKOM I KEPO-
BaHOT'O OIYHOTO TPAHCTIOPTYBAHHS IPYHTY
Fig. 1. Obliquely installed dumper working body with a bladed spherical thrower for controlled lateral trans-
portation of soil

ITig gac poGoTu 0OMaAHAHHS IPYHT, 110 3pI3YEThCS, MiAiMa€eThCS MO BiABaJIbHIN MOBEPXHI
Bropy 1 0IHOYACHO 3 IIUM PYXa€ThCs B3JJOBXK BiJiBay | B Oik metanbHuUKa 2. [Ticist nocsirueHHs 1py-
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HTOM METaJIbHUKA 2, BiH 3aXOIUTIOETHCS MOTO JIONMATSIMHU Ta METAETHCS Y HANPSAMI MEPHIeHIUKYIISAP-
HOMY J0 Bici o0epTaHHs. 3aCTOCYBaHHS C(PEpUUYHOTO JIOMATEBOr0 METaIbHUKA 2 JTO3BOJISIE 3MiHIO-
BaTH KyT HalpsiMy MeTaHHs. [y bOro 3a JOMOMOTOI0 TIAPOIMIIHAPY 9 3MIHCHIOETCS CYyMiCHHMA
MOBOPOT BEPTHKAIBHOI CTIMKHM 6 Ta MeTaibHHKA 2 HaBKoJo mapHipa 7. Chepuyna popma meTaib-
HuKa 2 3a0e31medye MiHIMaIbHUN TPOCBIT MK KPUBOJIIHIHHOIO TIOBEPXHEIO BiABasa 1 i onaTsamMu Me-
TaJbHUKA 2.

Jlnst migTBepKEHHs Mpare3aTHOCTI 3apOIOHOBAHOI KOHCTPYKIIT BUTOTOBICHO (Di3HUHY
MO/IeJIb KOCOBCTAHOBJICHOTO BifjBaJsia 13 chepuyHHUM JIONATEeBUM METaJIbHUKOM Yy MaciTabi 1:5 Bin-
HOCHO HATypHOTO 3pa3Ka KOCO BCTaHOBJICHOTO Bi/iBaja, [0 BUKOPUCTOBYETHCS HA 0a30BOMY Tpak-
topi TsaroBoro kinacy 10 kH (puc. 2). Mozaens BunpoOyBaii Ha J1a00paTopHOMY CTEHAL IS AOCHI-
JDKEHHS po004YO0Tro 00JIaJHAHHS 3eMIIEPHITHO-TPAHCTIOPTHUX MAIIMH Kadenpu OyniBeITbHUX Ta 10pPO-
xHix MamuH JIBH3 «IIJIABA». Konanus rpyHTy MOJEIIIIO TIATBEPIUIO Mpale31aTHICTh 3apoIo-
HOBAHOT'O TEXHIYHOTO PIlICHHS, BCTAHOBJICHI TaKi 0COOJIMBOCTI pOOOYOTO MPoIIecy:

— pi3aHHA IPYHTY 31MCHIOETHCS MOBHOIO JOBXKMHOIO Pi3ajbHOTO HOXKA IiJ KyTOM JI0 Ha-
IpsMy pyxy po6o4oro o6ajHaHHs 3 MOCTIHHOIO TOBILUHOIO;

— BUCOTY TNPHU3MH BOJIOYIHHS ITOCTYIIOBO 30UIBIIYETHCS y HAMPSIMi MEPEMILICHHS TPYHTY
B3JIOBXK BifBaia;

— ICHY€ pexXHuM poOOTHU MPHU SKOMY IPYHT, 110 KOMAE€ThCS BiABAJIOM, TOBHICTIO TPAHCIIOPTY-
€ThCS CPEPUIHIM JIOTTATEBUM METATHHUKOM 13 3MIHHUM HANPSIMKOM METAaHHSL.

a o
Puc. 2. ®i3nuna Mozes1b KOCOBCTAHOBJICHOT'O BiJjBajia i3 C(EPUIHMM JIOTIATEBUM METAIbHUKOM:
a — ¢izuuHa Mozenb; 6 — pobourii mpoLec KONaHHs IPYHTY
Fig. 2. Physical model of an oblique dump with a spherical blade thrower:
a — physical model; b - work process of soil digging

Ha mijicraBi TeOpETUYIHHX JTOCIIHKCHb OTPUMAHO MaTEMAaTHYHYy MOJICIh JIJIsl BUSHAYCHHS T'0-
PU3OHTAILHOI CKIIAJI0BOT OMOPY KOTIAHHIO IPYHTY KOCOBCTAHOBJICHUM BiBAJIOM i3 CHEPHUUHUM Me-
TaJILHUKOM Yy HaIpsiMi pyxy poOodoro o0iagHaHHs. 3aCTOCOBAHO MaTeMaTHUYHI MO sl BU3HA-
YEeHHS CKJIaJJOBUX OMOPY KOMAHHIO, 1[0 OTPUMaHi Ha MiJICTaBi TEOpii IPaHUYHOrO CTaHy IPYHTY [4].

5. PesyabTaTu. Kinnesa maremMaTiaHa MOJIEIh /TSl BU3HAYEHHS TOPU30HTAIBHOI CKIIAIOBOT
OTIOPY KOMAHHIO IPYHTY KOCOBCTAHOBJICHUM BiBAJIOM 13 C()epUUHUM METAIBHUKOM 3 YpaxXyBaHHIM
OTIOPY Pi3aHHSA IPYHTY, OMTOPY MPU3MH BOJIOUYIHHS Ta TOPU3OHTAIBHOI CKJIa0BO1 OTIOPY I THOMY TIj1a-
CTa MO0 BiJBAJIbHII MOBEPXHI Ma€ BUTIISI:

sin a
W, =|sin ¢, +1tgd- +—sin2<p3x A -L-h- roa g +Cy -Ctgp+ ——- P

sin ap K\v h
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x(tg6+tgp)-yp g -COSZp- chp - K -arcsin ﬁ-(lﬂga-arcsin ﬁ)ﬂ/p -g- Hcp}+

2 (L_BM)'ng 2 2
+Yp-g-C0S p-f+yp-g-COS(p3x-COSOLp-COS p-HCp-(L—BM)x
x| (tgp +198)- Hep - K arcsin L-(1+tgéi-arcsin Lj+K h, (1)
P 2-K 2.k) Y

e Qs - KyT 3aXBaTa BilBaua; O, - KYT Pi3aHHs IPYHTY; O - KyT 30BHILIHBOIO TEPTs IPYHTY; P -
KyT BHYTPIIIHBOTO TEPTS IPYHTY; L - mOBKMHA pi3anbHOro HOXA; h - rubuHa pizanns rpyHTy; Cyy
- 3YCIUICHHS IPYHTY; ) - TYCTHHA CYLIBHOTO IPYHTY; Yp - TYCTHHA PO3IYIICHOTO IPYHTY; B, -
WMPUHA METanbHUKa; H ., - cepe/iHs BUCOTA MPU3MHU BOJIOUIHHA; 4] - KoedillieHT, KU BU3HA-
9aThCs AaHATITHYHO B 3JICKHOCTI BiJl KyTa pi3aHHS IPYHTY O p

3Ha4yeHHs KOe]ili€HTIB TOPIBHIOIOTH

tgocp+tg\|/_ R
v=7— . K

- tgap -tgy H,
e y = %—% - KyT 3CyBYy; R - paaiyc kpuBu3HM J1000BOI MOBEpXHi BifBana; [, - BUCOTA BiABaja.
CepenHs BHCOTA IPU3MH BOJIOYiHHS
H.,=,/05-h-(L-B,)-tgp. (2)

Po3paxyHkoBa cxema Il BU3HAUEHHS I€OMETPUYHUX MapaMeTpiB MPOIECY TPaHCIOPTY-
BaHHS IPYHTY KOCOBCTAHOBJIEHUM BiIBaJIOM 3 METAJIbHUKOM HaJlaHa HA PUCYHKY 3.
Kyt B3aeMonii MeTanbHUKA 13 IPYHTOM JJOPIBHIOE

ag=m—p+ arctg@—arctg{(l—%}-c05p+

+sinp- cos(arctg wﬂ . (3)

KyToBi napameTpu B3aeMOii METaJIbHUKA 3 IPYHTOM JJOPIBHIOIOTh

By = arctg Hirex =R ma;; -R.

0 =arcsin Kl— I_lR”‘an -COSp +COS By -sin p} ;

Bz=g—(9+9);

T
0to=§+l31+l32-
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Z

&

Puc.3. Po3paxyHkoBa cxema Jijisi BA3HAYCHHS T€OMETPHUYHUX MTapaMeTpPiB MPOIeCy TPAHCIIOPTYBAHHS IPYHTY
KOCOBCTaHOBJICHHM BiIBaJIOM 13 chepHUHHUM JIOTIATEBIM METaIbHUKOM
Fig. 3. The calculation scheme for determining the geometric parameters of the soil transportation process
with an oblique dump with a spherical blade thrower

JloBkrHa MeXI1 BUIbHOI TOBEPXHI IPU3MHU BOJIOUIHHS, 1110 3HAXOJUTHCS y B3a€MOJII 3 MeTa-
JTHEHUKOM JIOPIBHIOE

HmX—R-cosﬁl-tgp+R-sin B2 ()
sin p cosp

h,, =R—-054R? 17, . (5)
Hnoma MOMNEepCIHOTO nepepi3y Ipru3Mu BOJ'IO‘-IiHHH, 10 3aXOIITIOETHCA METAJIbHUKOM
2
Fp =08[R? g +1,, - (R, )| (6)

Bincranp Mix Biccio 00epTaHHS METaJbHUKA Ta LIEHTPOM Baru MoNepeyHoro mnepepisy npu-
3MHU BOJIOYIHHS

Inp = Hpax -Ctgp—

Bucora

|2
ho = 1P 7
" 12F,, ")
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Bucora po3ramryBaHHs IEHTpa Bard IPYHTY y MPHU3MIi BOJIOYiHHS, 110 MTOTPAILISE HA METaJb-
HHUK

h,s = R—hg-cos(05a —B3). (8)

O06'eM TpyHTY, 10 3HAXOAUTHCS HA JIONATI METAIbHUKA MPH B3a€MOJIi 11 3 MPU3MOIO BOJIO-
YiHHS, CKJIaJa€ThCs 3 ABOX YaCTUH

V/Z =V1 +V2, (9)

ae V; - 00'eM IpyHTy, IO NOTPAILIAE HA JIONATh 3 IPU3MHU BOJIOYIHHS IIPH ii HIOBOPOTI HA KYT TPaHC-

nopTyBaHHs O.g; Vo - 00'eM IpyHTY, 10 NOTpAILISE HA JONaTh OE3M0CEPEHBO 3 PI3AILHOIO HOXKA

BiJIBajia 1O MIMPUHI METALHUKA.
J1s po3paxyHKy V) MOTpiOHO BpaxXyBaTu, 11O JIONATi MeTaJdbHUKA IIpU 00EpTaHHI 3pi3yI0Th

IPYHT IPU3MH BOJIOUIHHS, SIKA PYXa€ThCs B3/I0BXK BiABAIBHOI OBEPXHi. Y 3B'SI3KY 3 I1€I0 0COOJIMBI-
CTIO, IIUPHHA CTPYXKKH, IO 3Pi3yEThCS OIYHOIO CTOPOHOIO JIOMATI 3 TPU3MH BOJIOYiHHS, JOPIBHIOE

IIUTAXY, KU IPOXOAMTH IPYHT IIPH3MH BOJIOYiHHS 32 IpoMixkok yacy t, = ¢,/ @y, ne ¢, - KyToBuii
KPOK BCTAHOBJICHHSI JIOTIATEH MeTaJbHHUKA; V() - KyTOBa MIBHJKICT 00EpTaHHS MeTalbHUKA. ToMy,
HUISIX TPYHTY 3a 4ac {, MopiBHIOE MIMpPUHI CTPYKKH S, a came

s =vg-g—g, (10)

ne V, - mBHaKicTh NepeMillleHHs IPYHTY B3/I0B3kK JJOOOBOT MOBEPXHi KOCOBCTAHOBJIEHOTO BiBaIa
Vg =V -SIN @, (11)
ne Vg, - WBUAKICTS NepeMineHHs 6a30B0i MalIUHMY.
3 BpaxyBaHHsAM BHpasis (6), (10), (11) o6'em V; nopisHrO€

; ¢

Vl = an 'V6M -SIN @, - £, (12)

®o
ITpu Bu3HaveHHI 00'eMy V) BBa)kaeMo, 1110 BiH MOTPAILISAE HA JIONATh 13 30HHU Pi3aHHA IPYHTY

3a 4ac 1, i Tomy Oyne mopiBHIOBaTH

_ : P
V, =B,,-h-V,, -sing,, -—%. (13)

@

3aranbHUI 00'eM I'PYHTY Ha JIONATI Ha MOYATKY IPOLECY METaHHs

V. =(Fyp

sin ¢, +B,, -h)-V5M : z; : (14)

Po3paxyHkoBa cxema BU3HAYEHHS T€OMETPUYHHUX MapaMeTpiB 00'eMy I'PYHTY Ha JIOoNaTi Ha
MOYaTKy METaHHS METaJIbHUKOM HaJlaHa Ha PUCYHKY 4.

10
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Puc.4. Po3paxyHkoBa cxema BU3HAUCHHS T€OMETPUYHUX MapaMeTpiB
00’eMy IPYHTY Ha JIOTIaTi Ha MOYATKy METaHHS
Fig. 4. Calculation scheme for determining geometric parameters of the volume of soil on the
shovel at the beginning of throwing

Posrisinemo yMOBY piBHOBaru 4acTKH IPyHTY Ha BiJIbHIM MOBEPXHI MAaKCUMAaJILHOTO 00'eMy
IPYHTY Ha JIONaTi, KA 3HaXOAUThLCS BiJ Bici 0OepTaHHs Ha BiACTaHI Rj Iif KyTOM @j 10 IOBEPXHI

JIOIIATI.
PiBHSIHHS piBHOBaru B KOOPIAUHATHUX OCSX XY wmarothb HACTYTMHUN BUTJISA

{Z Fy =0; Fyy + Fyg -cOSLj —G-cos6; =0, (15)
2 Fy=0;N-F-sin1j -G -sin 6; =0,
ne Fp :m‘w% Ry - BimmenTpoBa cuia, IO Ji€ Ha 4acTKy IpyHTy; G=m-g - Bara 4acTKW;
Fmp =N -tgp - cuma TepTs YacTKM MO BUIBHIN MOBEPXHi IPYHTY; Aj, 0 - KyTH, IO BH3HAYAIOTH
nosoxenHs Bektopis G ta Ff5.

[Ticns mepeTBOpeHb cucTeMH piBHAHB (15) MOXKHA OTpUMAaTH PIBHICTD

co% -Rj _ cos(6; +p)

g cos(hi—p) (19
3 BpaxyBaHHSAM TOTO, IO KyT 6 = g —(B1+@j + A1) piBHicTs (16) Mae BurISA
cog ‘R .
g 190 —p)-cos(By + 0i) +sin(By +0n). (7
ITpu R; = Ry Ta ¢j =0 Bupas (17) mae HacTymHMIA BHTIIST
o; R, /g=1g(1, —p)-cosp, +sinp,. (18)

11
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3BIJIKH KYT Aq JAOPIBHIOE

2
(Do-Rl
M =arctg| ——————t +p. 19
1 g(g-cosﬁl 931] P (19)

IIpu Rj =R ta ¢j = ¢, Bupas (17) Mae HacTynHui BUIIIAL

2
og R .
Og =tg(ry —p)-cos(By +9,)+sin(By +¢,) (20)
3 Bupa3sy (20) 3HayeHHA KyTa Ao JIOPIBHIOE
2
@®Q - R
Ay =arctg —t9Br+ @) |+p. (21)
{g -cos(Py +9,) ‘
I3 TpukyTHHKa 0ab @, =A1 —Ay i Toxi 3 BpaxyBanuaM dopmyn (19) ta (21) kyT @, m0pi-
BHIOE
@, = arctg o8Ry —tgB, |—arctg __ @R —tg(By +9.) (22)
‘ g-cospy ' g-cos(By +¢9.) |
[Tnoma pagianeHOTO TIEpepi3y 00'eMy IPYHTY Ha JIOTIaTi 3 TPUKYTHHKA abc
F=05R-(R-Ry)-sin g, (23)
1 3BIIKHA
= arcsin —————. 24
. R-(R—R) (24)

3 inmroro Goky mionty F MoXKHa BUpasuTH yepe3 06'eM rpyHty V, Ha jonari 3a GopMyIior

(14) Ta mupnHK rpyHTY Ha onati B,, (puc. 3).

- (25)

3 BpaxyBaHHAM (23) KyT @, JTOpiBHIOE

. 3V
@, =arcsin L = f(Ry). (26)
O,5~BZP-R~(R—R1)
Taxum unHOM 3anexxHOCTi (23) 1 (26) yTBOPIOIOTH HACTYIIHY CHUCTEMY PIBHSIHb JUIsl BU3HA-
ueHHs Bigcrani R
3-V

¢, =arcsin L ;
0,5-B,-R-(R-R))

(27)

0)(23 Ry _ _ (DCZ) ‘R _
¢, =arctg (gc—os[il thlj arctg{g “cos(B. - ) tg(B, + 4%)}

Po3paxyHkoBa cxema BU3HAUEHHS KyTa pO3BaHTAXCHHS HaJlaHa Ha pUCyHKY 5. [licns Buxomy
00’eMy TPyHTY, 10 3HAXOAUTHCS HA JIOMATI 13 B3a€MOJII 3 3aXMCHUM KOXKYXOM MOYMHAETHCS HOTO

12
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PYX B3OBIK JIONIATI I Ai€l0 BinueHTpoBoi cumn Fgy, (puc. 5, a). Ilicas moBopoty jomari Ha KyT
PO3BAHTAXKCHHS OL), 00°€M IPYyHTY HOBHICTIO CXOJIUTh 3 TIOBEpXHi Jionari (puc. 5, 6). Bennuuna ab-
COJIFOTHHX IIBUAKOCTEH KiHIIEBUX TOYOK D Ta ¢ MIIoli NonepevHoro nepepizy rpyHTy CKIaIaroThCs
3 BeKTOpIB pamianbaux msuakocrei Vo, Vo mepnenaukyispHuX 10 IMOBEPXHI JIOMaTi Ta BEKTOpa
V, mIBMAKOCTI IPYHTY B30BXK JIONIATI.

Biacrane Mix Biccro 00epTaHHS METaJIbHUKA Ta IGHTPOM Baru 00’ €My IPYHTY B3JIOBK JIOTATI

2
Ry = R1+§'(R—R1)- (28)
Bucora
a, = w . (29)

Pa,[[iaJ'IBHa KOOpJZiuHaTa OCHTpa Baru

R.=yRZ +a? . (30)

KyroBa koopauHara nieHrpa Baru

- aC
0t =arcsin = (31)
C

PiBHAHHS pyXy Macl m I'PyHTY B3JIOBX JIONATI y HanpsimMi X Mae BUIJISA]
mX=m'co§-RC~c03aCM—mg-sin ¢, +N-195=0. (32)
Peaxuist Ha rpyHT 3 OOKY Jionarti
N=mg~c03(pK—m-ooS~Rc-sin Oy - (33)

[Ticns mepeTBOpeHHsI MaEMO

2

‘R ]
% [cos(8 -, )— g -sin (o, +3)]. (34)

X =

Bpaxosytoun, mo X = dx/dt moxHa 3anucatu Bupas (34) y Burisai

2
dx :M-[cos(s—ocm)— g-sin(p, +38)]-dt. (35)
C0Sd ’
[Ticns iHTerpyBaHH
2
X = —C?OSF;C [cos(8 —atey, ) —g -sin (@) + )] t + Gy - (36)

ITpn nouaTkoBux ymoBax t=0, x=0, (; =0.
Jamni micns iHTerpyBanHs Bupasy (36) orpumaemo

2

2
K= 0% [o0s(5 -t ) -5in (0 + )+ C. (37)

C0S O

ITpn nouatkoBux ymoBax t=0, x=0, Cy =0.

13



T Y Texnika OyiBHHIITBA Bumyck/lIssue 2(39), 2023

Puc. 5. Po3paxyHkoBa cxeMa BU3HAUECHHS KyTa PO3BAHTAKEHHS JIONATEH METAIbHUKA Ta MOYATKOBUX LIBU-
KOCTEN METaHHS:
a — IMOYaTOK CXOy I'PYHTY 3 Jomnari; 6 — KiHeI[b CXOAY IPYHTY 3 JIOTaTi
Fig. 5. Calculation scheme for determining the unloading angle of the thrower’s blades and initial throwing
speeds:
a — the beginning of soil emergence from the blade; b - the end of soil emergence from the shovel
3a yac po3BaHTaxkeHHA p TPYHT HepeMIIy€eThCs 1O JIonati Ha BiacTanb R—Ry 1 npu mux

3HaueHHsX BHpa3 (37) Mae BUTIIA
o5 -R t2
R—Ry =—3—C.[cos(5 - o, )—g -sin (o, +8)]-?p. (38)
3BiJICH Yac PO3BAHTAXKEHHS t » JIOPIBHIOE

tp _ 2'(R—R1)'C056 . (39)
0)% ’ RC '[005(8_ aCM)_ g -sin ((PK + 6)]

[IBUAKICTB IPYHTY B KIHIII pO3BaHTAXKEHHS Vp

Vp =12: (R=Ry)-Re - 0§ -C088-[c08(5 — t ) - g s (g + )] (40)
KyT PO3BAaHTAXKXCHHA MCTAJIbHUKA

o, =0q-t (41)

p P’
Panianehi mBuakocTi Bianosiano nopisuorts Vo1 =g R, V =g -(2- R-— Rl), a 1X KyTH

maxmny &g = &gy =90° - (a, + ).

\Y V
Kytn &, =arctg—>; &,,01 = arctg ——; @ =& +&,,; P = &1 +E .01 -

Vo Vo
Biacrani

14
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Xp = (2R — Rl) COS(OLp +(|)K) ;

Yo =(2R—Ry)sin(op +¢,); (42)
xp1 = R-cos(ap +¢,);
Yo1 = R-Sin(otp +¢,) - (43)
PiBHAHHS TpaeKkTOPIi pyXy 4aCTOK I'PYHTY KMHYTOIO MiJ{ KyTOM (), 10 TOPU3OHTY 13 IIBUAKI-
ctio V,, B KoopauHaTHHX OCsX XY Mae BUTIIS
2

- X
Y =Xtgpg — g . (44)
2-VM -COS™ Q¢

3rigno pucyHky 6 B koopaunHatHux ocsax XY mpu X =lppy; Y= —(yo + R)

2

-
(Yo + R)= Iiax “tGpg — ——5 X (45)
2-V 5 -cos” @q

3BIIKH

V,,sin @g +\/Vj5 sin 2 ¢g +29(yg +R)

lrex =V, COS@q . (46)

B xoopaunatHux ocax XY, npu X =lyin; Y= —(y01 + R)

g- | 2.
~(Yor +R)=lmin -tgop; - —— 10— (47)
2V -C0s” @g1
3BIiIKH
V1510 001 ++V25i0 % 9o +29(yor + R)

lmin =V C0S @01 : (48)

g

MakcumanbHa Ta MiHIMajbHa BiJICTaHI METaHHS IPYHTY BiIHOCHO BiCi OO€pTaHHS MeETajlb-
HUKa JIOPIBHIOIOTh

Lrax = Imax —Xo; (49)

Lmin = lmin —Xo1- (50)

MakcumanbHa Ta MiHIMaJIbHI BiZICTaH1 O1YHOTO TPAHCIIOPTYBAHHS IPYHTY 3a MEXKI BiBana y
HampsiMi TIePIEHIUKYISIPHOMY JI0 HampsiMy pyxy 0a30Boi MammHu (puc. 6) BiAMOBITHO BU3HAYa-
FOTHCS 3AJICKHOCTIIMU

L6.min = Lmin SiN @5 — O’SBZp COS Py —Byyg; (51)
L6.max = Lmax SIN( @4 +01,,) — 015Bep COS(P 3 + 0t y,) =D » (52)

Jie o, - MAKCUMAJIBLHUI KyT MOBOPOTY C(EPHUYHOr0 METALHUKA HABKOJIO BEPTUKAIBHOI Bici; 0y,

- BIICTaHb Mi)X BEpTUKAIHHOIO BICCIO TOBOPOTY METAIbHHUKA Ta O1YHOIO CTOPOHOIO BiJ[Baja.

15
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Zd min

[ﬁ max

Puc. 6. Po3paxyHkoBa cxemMa BU3HAUEHHS T€OMETPHYHHX MapaMETPiB MPOIECY METaHHS IPYHTY
Fig. 6. Calculation scheme for determining the geometric parameters of the soil throwing process

JJis BU3HAUEHHS €HEPreTHUHUX MOKa3HUKIB pOOOYOro Mpoliecy po3riisiHeEMO OajaHC MOTY k-
HOCTI OyJIb/103€pHOT0 OOJIAHAHHS, SIKUI Ma€ BUTJISA]

N=N;+N,+N,+N,,, (53)

ne N - HOTYXHICTh Ha KONIAHHs IPYHTY KOCOBCTaHOBIEHMM Bimsaiom, kBr; N, - moryxwicts Ha

nigiiom rpynty, kBt; N, - moTyxmHicTs Ha posrin rpynty, kBt; N, =~ - moTykHicTh Ha mojonaHHs

CHJI TEpTS 10 JI0OOB1M MOBEPXHI BijiBajla MPU TPAHCIOPTYBaHHI IPYHTY METAJIbHUKOM, KBT.

16
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Butpatu moTyHOCT1 Ha KOTIaHHS IPYHTY JOPIBHIOIOTh

11, - E,
=——, 54
® 1000 )
ne I, - TeopeTwuHa MPoayKTMBHICTH Oyibao3epHOro Bigsana y uimomy, /7, =L-h-V, -cose, ,
Mc; E_ - eHeproeMHicTh Npolecy KOIaHHs, H/m?.
Butparu moTyHOCTI Ha MiIHOM IPYHTY MICTSTh JIBi CKJIaJJOBI
Nn:N1+ N2, (55)

ae N, - BUTpaTH HOTY>KHOCTI Ha MiJHOM IPYHTY, SIKMH I10JA€ThCS HA METAIbHUK 3 IPU3MU BOJIO-

yiHHsg; N, - BATPaTH IOTYKHOCTI Ha MiAROM IPYHTY, SIKUH 3pi3y€ThCsl pi3adbHUM HOXKEM BiJjBaja 110
IIUPHHI MeTaTbHUKa B .

Horyxuicte N; nopisuioe

N :Hml‘g'Yp'Kp'(Hmax_hue) (56)
1 1000 ’

ne 11,7 =(L-B,,)-h-Vg,, -COSQ,, - 1pomyKTUBHICTH 6YIb103EPHOTO 00IaIHAHHS MO IPYHTY, AKHil
MOTpPAIUISE MICs MOTO pi3aHHS y MPHU3MY BOJIOUIHHS; Y p -~ TYCTHHA PO3IYIICHOIO IPYHTY; K, -
KOE(QIIIEHT pO3MYIICHHS IPYHTY.
IMoTyxnicte N, nopiBHIOE
:HmZ'g‘Yp‘Kp'Hmax
1000

N» , (57)

ne I, =B,,-h-V;,, -COSQ,, - MPOAYKTUBHICTH OYyJIbI03epHOTO O0IAHAHHS 110 IPYHTY, KU MO-

Tparuisie miciis Horo pi3aHHs O6e3MocepeIHbO Ha METAIbHHUK.
ButpaTi noTy>KHOCTI Ha pO3TiH IPYHTY

2 2
_ g - Re
Np =17 Ky 000 8)

ne R, - BigcTaHb Mix Biccio 00epTaHHS Ta IIEHTPOM Baru 00'eMy IPYHTY Ha JIOTIaTi B MOMEHT IIOYaTKy
METaHHS; Mg - KyTOBa IIBUJIKICTb OOEpTaHHS METaIbHUKA.
Jly1 BU3HAUEHHS BUTpPAT MOTYHOCTI Ha MOJOJIAHHS CUJI TEPTS I'PYHTY IO JIOOOBIH MOBEPXHI1
Bij(BaJa, BpaxoBy€eMoO, 1[0 IPYHT Ha JIONaTi METalIbHUKA TIoTparuiste 3a yac t, iforo moBopoty Ha KyT
o
og. Yac lo = —.
o
3a neit yac 06’€M IPYHTY, SIKUI MOTpaIUIs€e Ha JIONaTi METAIIbHUKA 3 IPU3MH BOJIOYIHHS J10-
PiBHIOE

Vnp = an 'V5M 'to -sin (O JFVS (59)

O6’eM TpyHTY, 10 TOTPAIUIsie Ha JIONATi METATbHHUKA 3 Pi3aIbHOTO HOXa BixBaia 3a yac {

BH3HAYAETHCS (HOPMYJIIOIO

Vo =B, -hVg, -Kp-tg-Cos@,,. (60)

17
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3aranpHa Maca IPYHTY Ha JIOTIATAX IiJ] Yac TPAHCIOPTYBAHHS

. (04
m,, = ypV6M(an SIN @5 + BMhK p COS (P3x) (D_g : (61)

Binuentposa cuna, mo jaie Ha macy M,,

Foy =Y p Vo @0 - R-0ag(F, -sin @ +B,,-h-Kp -S04, . (62)
Cuta TepTs MiX IDYHTOM Ha JIONATSAX Ta JJ0O0BOK MOBEPXHEIO BiBaia
Fop =Y p Von - @0 - R-0g - tg8(F,y, -sin @ + B, -h- K -C05 @y, ) . (63)

Iorysxuicts N, Bu3sHavaeTbCA SK

_Yp Vs, -co% ‘R? -ap - 1gd
"p 1000

N (Fup -SIN @4 + B, -h-Kp-COS@, ). (64)

. 3
[ToBHA €HEProOEMHICTL pob0oYOro mpouecy, kBm -clm

B N
L-h-Vg, -COSQ,,

(65)

6. BucHoBku. Pesynpraramu BUnipoOyBaHb B 1a00OPaTOPHUX YMOBAX (i3UIHOT MOJIEINI 3apPO-
MOHOBAHOI KOHCTPYKI[iI KOCOBCTAHOBIICHOTO BiIBAJILBHOTO POO0OYOro opraHa i3 jonareBuM chepud-
HUM METAIBHUKOM JUIsI KEPOBAHOTO OIYHOTO TPaHCIOPTYBAaHHS IPYHTY IMIATBEp/KEeHA ii mpane3aar-
HICTB Ta 3’sicoBaHa (hi3MUHA CYTHICTH POOOYOTO MPOLIECY.

BukoHaHi TeopeTHyHi JOCTiIKEHHI poO0UOro Mporecy KOMaHHS IPYHTY J03BOJIMIH OTPH-
MaTH MaTeMaTU4HI MOJEN JUIsl BU3HAUEHHS T€OMETPUYHUX, KIHEeMAaTHUYHUX Ta CUJIOBUX MapamMeTpiB
poOouoro oprasa Ta po3poOKyU METOUKH HOT0 1HKEHEPHOTO PO3PAXYHKY.
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ANHAMIKA TA NMPUHUUIMN KOHCTPYIOBAHHA BIBPOYOAPHUX TPAMBIBOK 3 riA-
POMPMBOOOM

AHOTAIIIA: B cmammi pozensinyma OUHAMIKA mpuUmMacHoi 8iopoyoaproi mpamoiexu, npeo-
cmasieHa OUHAMIYHA MOOEeb, PIGHAHHS PYXY KOAUBANbHOL cucmemu ma ii anauis.

Knrwwuosi crosa:. amniimyoHo-uacmomHi Xapakmepucmuku, pomayitiHutl 2iopopo3nooiib-
HUK, OUHAMIYHA MOOEb, MedHcd MIYHOCMI, MOOYIb NPYIHCHOCHIL.

DYNAMICS AND PRINCIPLES OF DESIGN OF HYDRAULIC DRIVE VIBRO-IMPACT
RAMMERS

ABSTRACT: The article examines the dynamics of a three-mass vibrating rammer, presents
a dynamic model, the equations of motion of an oscillating system and its analysis.

Keywords: amplitude-frequency characteristics, rotary hydraulic distributor, dynamic model,
strength limit, modulus of elasticity.

1. locTanoBKa npodJieMu. 3pocTar0di BUMOTH 10 BUKOHAHHS OyliBeIbHUX pOOIT BU-
MararTh BJOCKOHAJIEHHS Ta pO3pOOKH HOBOTO BiOPOYIILIBbHIOIOYOTO 001agHaHHs. Takomw € 1
KOHCTPYKLIS TipaBiidHOl TpaMOiBKH, sIka TEOPETUYHO Ma€ CyTTEBI IepeBaru nepej moiid-
HUMH MalluHaMH.

VIUigbHEHHST TPYHTIB, 3/1HCHIOEThCS, K MPAaBUIIO, TPAaMOYIOUMMHU IUIUTAMU TPU BEITHKUX
o0’emax poOiT, KaTkaMi Ta HaBICHUMHU TpamOiBKaMu. E(EeKTHUBHICTH BUKOPHUCTAHHS I[bOTO KJIacy
MAallliH BU3HAYAETHCSA JOCTATHRO KOPEKTHUM BpPaxyBaHHSIM BUHUKAIOUMX CHJI OMOPY CEpeIOBUINA,
sIKE TI1JT Ti€r0 BiOparlii 3MiHIO€ CBiil CTaH 1 MIUIBHICTH. [ONIyK yTOYHEHWX METOIB BpaxXyBaHHS CHII
OTIOPY € 331aU€I0 aKTyaJIbHOIO.

2. AHaji3 pociaizkenb. [CHyI04i METOIM PO3paxXyHKY TUHAMIYHOI CHCTEMH ,,MallliHA — Ce-
penoBHIEe” 3aCHOBAaH1 HAa BU3HAYEHHI CTAJIOT0 3HAUYEHHS CHJI OTOPY CEpeAOBHUIIA Ha Jit0 poOOYOro
oprany BiOpOYIIUTbHIOIOYOTMAIITHI
Takwuii MeTo1 pillIeHHs Ma€ CEHC 3a YMOB YIIUIbHEHHS BIOpOMaliJaHUNKAaMH,0CKIbKY HABAHTAXKEHHS
Ha poOoumnii OpraH HE 3MIHIOE CBOTO TTOJIOKEHHS Y TTpocTopi. [HIIa cutyartis, Ko € 6e3rmocepeaHiii
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KOHTaKT poOOYOro OpraHy i3 CepeloOBUIIEM, OCKUTHKHU B TPOIIEC] YIIUILHEHHS MOKIIMBE 3HAYHE 3Mi-
IIEHHS PoO0OYOro oprany (HampHkiIaa, BiIOpOKaTOK YM BiIOpOTpaMOOBKaA), 110 BILTMBAE HA TTapaMeTpH
MAIlIMHY 1 B KIHIIEBOMY pe3yJIbTaTi Ha epeKTUBHOCTI MPOIIECY.

3. Merta po6oTu. MeToro cTaTTi € JOCHIIPKEHHS BILUTUBY HAINpy>KeHO-/1e(OpPMOBAHOTO CTaHy
MIPYXKHO-TUIACTUYHOTO CePEIOBUIIA JIJIsl 3a0€3MIEUCHHS 3a/1aHOTO PEeKUMY POOOTH TiApaBIidHOI Tpa-
MOIBKH Ta TOCHIKEHHS 11 IMHAMIYHOT MOJIENI.

4. MaTtepiaiu Ta MeTOaM. 32 IMHAMIYHY MOJEJb TiIpaBIidyHOi TpoaMOiBKH HpUUHSATA
CHCTEMa 13 TphbOMa CTYNEHSIMH BiJIbHOCTI ( puc . 1.1 ) 13 HACTYIHUMU NPUNYIICHHSIMH :

1) HaBaHTa)XCHHS Ha MOPIICHB TiAPO MUITIHIPA CKIAAI0THCS 3 CHUII
- CyXOro TepTs , IOCTIHHOI 10 3HAYEHHIO Ta HANPSAMKY ( CUJIOIO B’SI3KOTO TEPTS HEXTYEMO ;
- TPYXXHOCTI ;
- B’SI3KOTr0 OMOpY ;
- iHepmii ;
2) THCK , TeMIIepaTypa Ta B’s3KicTh poO0UYOT piAMHHU MOCTIHHI ;
3) poOouya piguHAa HE CTUCKYETHCS Ta CTIHKH Tipo IIIIHIPA HEe 1ehOPMYIOThCS ;
4) 3MiHa CHJIM TIPY)KHOCTI , SIKa BUHUKAE B MiJBICIII yIapHOi Macu Ta KOpIyca , BiiOyBaeThCs 3a 3a-
KOoHOM ['yKa ;
5) omopoMm mia’eaHyI0Yrx TPyOOIPOBO/IiB MOYKHA 3HEXTYBATH
6) XBWIJIBOBI ITPOIIECH Y TPYOONPOBOIAX BIACYTHI ;
7) 30JOTHHK Ta MOPILICHh CHMETPUYHI , TOYATKOBE MEPEKPUTTSI POOOUHX BIKOH 30JI0THHKA TOPIBHIOE
HYJIIO ;
8) pexxum pyxy pobouoi pimuHu y 3’ €IHyBaIbHUX TPyOOIPOBOIaX TYpOYIECHTHUIA ;
9) neperikaHHs MiX MOPOKHUHAMH T1IPO IMJIIHIPA Ta BUTIKAHHS MPOMOPIIHHI BiIIOBIIHAM Tepe-
majiaM THUCKIB.

JlocnmipkyBaHa CUCTeMa CKIIAJAeThes 3 © Macu Mp — yJapHHUKA ; Macd M2 — BEPXHBOI MacH
TpamOIBKH ; Macu M'3 — MacH YUIUIbHIOKYOI IUTUTH PAa30M 13 IPUETHAHOIO MACOIO TPYHTY .

KonuBanus mMac 30ymKy€eThCs TiIpaBIidyHUM BiOpaTopoM ( IMIIIHAPOM ) i3 cuiioro Tsru F. .
3iTKHEHHS Mac My Ta M3 BiA0YBA€ETHCS Yepe3 MPYKHUM eneMeHT (pe3nHOoBH Oydep) JKOPCTKICTIO ¢4
Ta koedinieaTom omnopy bs. B3aemue nepecyBanHs Mac 3a0e3euy€eThCs 3a PaXyHOK MPYKHHUX eJle-
MEHTIB ( TiBICKH yIapHHKa) )KOPCTKICTIO ¢1 13 KoedilieHTOM ormopy b1 Ta Npy»KHUX €JIEMEHTIB YIIli-
JIBHIOKOYOI TUTUTH JKOPCTKICTIO ¢2 i3 KoeditienTom onopy bz . KonuBaHHs KOHCTPYKIIT TpaMOiBKH
BiZIOYBa€ThCsl HA TPYHTI 31 3MIHHOIO JKOPCTKICTIO 3 Ta 3MiHHUM KoeditieHToM omopy b3 .

5. Bukaan ocHoBHOro marepiasy. Po3paxyHkoBa cxema JTOCHITHOT MOJIEINI CITIBIAIAE 13
nuHaMi4HOT . [i IMHAMiKa ONUCY€EThCs PIBHAHHAM PyXy Mac Ta PiBHAHHAM TiZpaBIidHOl BUMYIITYIO-
Y01 CHJIH .

PiBHsiHHS pyXy ynapHuKa ( Macu My ) :
My, +b1(5(1 _X2)_b4 (Xl _X3)+Cl (Xl _Xz)_c4 (Xl _Xs) =F, 1)

1€ X1,X2,X3, M — MEPEMIIIEHHS Mac M1, M2, M3 ; X1, X2, X3, M/C— MBHUJIKOCTI Mac My, M2, M'3; X1,
M/c? — mpuckoperHs macu My, Fr=S-Ap, H- riapaiiyaa BUMYITyIOYH CHIA ; Sy, M2 — TIIOMIA IH-
JHIpA .

PiBHsAHHS pyXy BepXHBOi MacH ( Kopmyca ) Mz :

m,j, —b, (Xz _XS)_bl(Xl_XZ)_Cl(Xl_XZ)_CZ (Xz_Xs):_Fz’ (2

ne %2, M/C? — mpuckoperHs Macu M2 ; b1, by, HM/c — koedinicaTn nemMndyBaHHS IPYKHUX eleMeH-
TIB y/IapHUKA Ta YIIIBHIOWYOI IJIHTH ; C1, C2, H/M— KoedillieHTH KOPCTKOCTI MPYKHUX EIEMEHTIB
yIapHHUKA Ta YHIUTEHIOIOYOT TUTUTH .

PiBHSAHHS pyXy YIIIIBHIOIOUO] IIJIUTH :

My¥ s +D, (Xz _Xs)_b3X3 +b, (X1_X3)+Cz (Xz _X3)_03X3 +C, (Xl _X3):07 (3)
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ne X3, M/C? — IpECKOpEHHS MacH M3 ; M 3=M;+Myp, KI— KOIMBAIbHA MAca YIIiIbHIOIUOT IIIMTH pa-
30M 13 IPUBEACHOIO MAacoOr0 OYIiBEIbHOI CyMilli.

BpaxoBytoun , 110 pyX yAapHHKA , SKAH BUKJIMKAHUH T1APABIIYHOIO BUMYIITYIOUOI0 CHIIOIO ,
00MEKy€eThCSI HOMIHAJIBHOIO [10JIa4€I0 HAacoca Ta HEPO3PUBHICTIO MOTOKY poOO0YOi piiuHY , 3aIlu-
[IEMO PiBHSHHS 3B’SI3KY :

. 2(p,~4p)

ST A B 4)
7€ %1 - %2 < Qu/Suun — MIBUAKICTH BUCYBAHHS MOPIIHA MTOKA ; Qu, M/c — HOMiHATBHA TT0aYA TifpO-
Hacoca ; | — Koe(ilieHT BUTpaT yepe3 podoue BiKHO TiAPOPO3NOAUTEHUKA ; Po=Pu — Pax — Frp/Swun —
Prpys, [1a — MakcHMaabHUM THCK , CTBOPIOBAHUI HACOCOM Yy HaMIpHI MOPOXKHUHI HWIIHAPA ; Py, [la—
HOMIHAJIBHUN THCK Y T1IPOCUCTEMI ; Pss, I1a — THCK HA BUXO/I 13 3JIMBHOI MOPOKHUHY LWIIHIPA ; P,
KI/M°— IUTOMHiT 06’ €M pPo6OUOT PiHHK; Prpys, [1a — BTpaTH THCKY y TPyOOIPOBOIAX , BPaXOBYIOUH
X Ty’ke Majli 3Ha4eHHS , MOYKHA TpUiHSATH 1ie 3HaYeHHS = 0 ; Frp, H— cuna Tepts yiapsHeHb TOPITHS

y uumisapi [ 17, 18,22 :
F,=37-p, =D, f. ()

ne Dy, l1, m — niameTp Ta 1OBKUHA TIOBEPXHI KOHTAKTY MOPIIHS 13 HWITIHAPOM; The; — KOCOIIIIEHT
TEPTS PE3UHU T10 CTaJIi .
Buninumo npomixkHy 3MiHHY Ap y piBHsHHI ( 2.7 ) :

Su (g7
,% (71% Xz) ©)

2
1
72 .
1)

3rigro i3 [ 1, 11, 35 | koedimieHT BUTpAT AJISt APOCEIIOIOYUX OTBOPIB , BI/IMIHHUX BiJ| KJIa-
cr4yHO1 PopMH , HEOOX1THO BU3HAYATH EKCIIEPUMEHTAIBHO . TOMy JUIs HalIoi CXeMU BUKOPHUCTAEMO
nociikenss bammu T. M. [ 8,9 ] :

Ap=p,-

Ap = pO - Apposul (7)
ne A pposn = A p1 +A p2 — BTpaTH TUCKY Ha pO3NOJUTBHUKY ; A p1, Ila — BTpaTH TUCKY BiJl B’SI3KOCTI :
2
1 'V,
AD =— v~

ne v, cCm — KiHeMaTH4Ha B A3KICThb piaAuHu ; A p2 , Ila — BTpaTu TUCKY BiJ ONOPY MPH MEPETi-
KaHHI Kpi3b OTBIP pO3MOIIJIbHUKA;
2
2 . .
: fm]'v. Sum(Xl_Xz)

=t L\ = LA S M A2)
Apz—a 29 V. 0,5(1 . 2g ffu (9)

ne £=0,5(1-fu/ Fs) — 6e3posmipuuii koedittieHT onopy ) ; Fe; — edexTrBHA 101 BIYCKHOTO
BiKHA po3nofinbHuKa ; ¥, H /M®— nuToma Bara po60o4oi PiltMHH ; Vi, M / € — IBUAKICTH TPOTi-
KaHHS PIAMHU Yepe3 JPOCENTIOYHNMA OTBIp :

£ (10)
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Puc . 1.1. Po3paxyHkoBa cxema TpaMOiBKH :
a— ,I[I/IHaMi‘IHa MOJCIIb , 0-— KOMH’IOTepHa PO3ropTKka KOJIMBaHb MO,I[eJ'Ii
Fig . 1.1. Rammer calculation scheme:
a — dynamic model; b — computer scan of model oscillations

VY nopiBHSHHI 13 APz, AP1 Ma€e ayKe Malle 3HaueHHS 1 IPU PO3paxyHKax OUIBIIICTIO aBTOPIB

He BpaxoByeThes @ AP1 ~#0 . Toxi mist mpomixkHOT 3MiHHOT AP i3 (2 . 10 ) Maemo :

£,) p Su (= )

(11)

[MopiBusiBim ( 9 ) Ta (14) , oTprMaeMo 3a1eKHICTh Koe(illieHTa BUTPAT A POTAIIHHOTO PO3-

MOJIITFHHUKA BiJI TUIOII BiIKPHUTTS BIyCKHOTO OTBOPY Ty :
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(12)

Buniaumo nmpuckopeHHs Mac My, M2, M3 1 3alKMIIEMO CUCTEMY PIBHSHb Y 3pYYHOMY JIJIs PO3pa-
XYHKIB BUTJISAI

E Hl HHH'pH_ P ZfHZI 2‘FB3

_bl(X1_X2)+b4(X1_X2)+C1(X1_X2)+C2 (Xl_X?,)];

- _SHnn.pH+

dt m, 2.2 2-F

B3

de _ 1 Si“n(XI_XZ)Zp.[O 5+f—mj_
’ (13)

_bz(Xz_Xs)"‘b1(X1‘X2)+C1(X1_X2)+Cz (XI_XB)];

dv, 1 . . o

d_'[3:_'[_bz(Xz_X3)+b3X3_b4(X1_X3)_C2 (2 =7a) +
My

+C3%3 —Cy (XI_X3)];

Sk BiI3HAYAIOCH , JIOCHIKYBaHA CUCTEMA Ma€e TPU XapaKTEPHIi MEPIOH PyXy : Tepioa podo-
4OTro X0y , IepioJl yaapy Ta MepioJl 3BOPOTHOTO xoxay ( pyXy Bropy ) yaapauka . Cucrema piBHSHb
(16) omucye Bci mepioan , anebd MOTPiOHO BpaxOBYBaTH Taki (PaKTOPH :

1) Pyx nopiuHs , a 3 HUM i Macu M1 , IOYHETHCS JIUIIE TOJI , KOJIU TEOPETUYHO MOXKIIMBA T/
paBmiuna cuna F2 =S, p, Oyne Oliibliie CyMH CHII TiIPaBIiYHOIO ONOPY CUCTEMH , TOOTO TIpH Ty,
3HaliJICHOMY 13 PIBHSIHHA :

2.2

g

S, p=F, ¢ S.u (Xl_XZ)'p ,{0,54_:}} (14)

B3

2) TIlpu 0 <f, <f, — cucrema He pyxaerbesii F.=0.

3) KoedimienTn %opcTKOCTi ¢4 Ta AemiyBanHs Oydepy Ds BUKOPUCTOBYIOTHCS B pO3paxyHKax
TUIBKH B TIEPIOJT yAAPY .

4) Slkmo x1—x22>0, 10 bsa=0, ¢4 = 0 — kiHes poOOYOTro X0y 1 OYATOK YAAPY — BiIMOBIIAIOTH
HYJIbOBOMY 3a30py Yy Oydepi , Kinels yaapy i no4aTok 3BOPOTHOTO X0,1y HOYMHAIOTHCS MTPU PIBHOCTI
CHWJI IPYKHOCTI 1 onopy y Oydepax .

5) B kiHIIi 3BOPOTHOTO X0y Ta Ha MOYATKy poO0OUYOro X0y BiOYBA€ThCs 3MiHA 3HAKY IIIBH-
nkocrti : Viia>0:Vi=0:Vi+1 <0.

3 MeTOol0 ONTUMi3alii riApo NPUBIJHOTO MeXaHi3My TpaMOiBKHU , OyJI0 BU3HAUEHO Teope-
THYHO PEXUM 3BOPOTHO — MOCTYyHNAIBHOTO PYXy yIapHHUKA , SKUW 3BOAUTH O MIHIMyMY JH-
HaMi4YHI HaBaHTaXEHH , 10 MepelaloThCcs Ha paMmy 0a30Boi MamuHM . Buxoasyu 3 orpuma-
HUX PIBHSIHB , OyJIO BU3HAUYEHO IO Ta KOH(Irypamito BIyCKHUX BIKOH PO3MOAIIbHUKA .

PesynbraT nocnigkeHs BiOpoTpalbiBOK 3 TiAPONPUBOIOM OYyIM BUKOPHCTAHI IPU PO3POOII Me-
TOJMKH 1HKEHEPHOTO PO3PAXYHKY , MPUUYOMY , SK JUIsl MPHUUIIIHOTO , TaK 1 HABICHOTO BapiaHTIB .
OcCkinbKHM MallMHA MOXKE MpPAIIOBaTH B pekuMi BiOpyBaHHs , BIOpoTpamOyBaHHS , Bibpoyaapy , a
TaKoX rnepeadayae MOXKIMBICTh PETYJIIOBaHHS KOJMBaHb B IIMPOKOMY Jlana3oHi YacTOT 32 PaXyHOK
T1IPONIPUBOAY , TOMY 1 BUHUKAE HEOOX1THICTh MEPErJIsiy METOIUKH PO3PAXyHKY KOJUBAIBHUX Mac
, IPY’)KHUX €JIEMEHTIB Ta CKJIaJJaJIbHUX BY3J1B I'APOPO3NOALIFHUKA . TpUMacHa KOHCTPYKIIiSl TpaM-
O1BKH Ta TipONPHUBIA , AKI TEOPETUYHO 3HAYHO MiIBUIIYIOTh Ta PO3MIMPIOIOTH MOKIMBOCTI MAIIMHU
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, SIK 3 TOUKH 30pY 3pyYHOCTI , IPOJYKTHUBHOCTI , TaK 1 YHIBEPCAIBHOCTI , BHOCSTH CKJIQJHICTh y BU-
3HAYCHHS ITapaMeTPiB , & TAKOK CTBOPIOIOTH HEOOX1IHICTh BUKOPUCTAHHS IPU PO3PaXyHKaX METO-
JIIKY , SIKa X04Y 1 CIIUPAETHCS HA BIIOMi MaTepiaiu , aje MTOBUHHA MICTUTH HOBHIA Miaxiy . Bukonani
Ha I11il OCHOBI aHAJIITUYHI Ta €KCIIEPUMEHTAIBHI TOCIIPKEHHS JUHAMIKH PYXY TPaMOiBOK JJ03BOIHIIH
PO3POOUTH MPUHITMITN PO3PAXYHKY Ta CTBOPSHHS MAIlIMH MOAIOHOTO Kiacy . Hmk4e HaBepemMo Me-
TOAUKY 1HKEHEPHOTO PO3PaxXyHKy BU3HAYCHHS OCHOBHHMX IapaMeTpiB BiOpaIiiHUX MAIllHH i3 TiIpo-
MPUBOJIOM Y BUTIIsiA Tabmwmi 1.1 .

Tabauus 1.1. Anroput™ po3paxyHKY TiApaBIiqHAX TPaMOiBOK
Table 1.1. Algorithm for calculating hydraulic rammers

Ne Po3paxyHok napamerpis Po3paxyHok napamerpis
n/n HABiCHMX TPaMOiBOK NPUYITHUX TPaMOiBOK
1 2 3
Yac mycKy mToKa i3 YIapHOK MacoXo :
1 Maca Tpam0iBKH : T T _ 0,06-F-H-Ap,.,
M D = M aon ! 2('0 Q H
Maca yaapHuka : HIBuAKICTH TIEpes] yAapoM :
M M X
2 myZl — TP — TP Vcep — cep ;
(35..4) 35 Vi =2 Ve
Maca yiiJibHIOI09O1 TUTHTH : Po3paxyHKoBa mIomma riiponuiIiHapa
3 mrm = mYJI (11’ 2) = myﬂ Sum = —QH
Vmax
HIBuAKiCTH IEpE]] yAapOM : Maca ynapHuka :
4 2 . pCCp ' QCCp ' nrn 2 ' pcep ’ QCCp ’ T]I'H
Vmax = f ya = m .f
my, - ya
Po3paxynkoBa moma ripo MuiiHapa : Maca ymuibHIOI0UYO1 TUIUTH :
5 5, = QLo m,=m,_-(1.12)=m
Vmax
[IBUAKICTH YUIUIBHIOIOYOT TUTHTH MICIIS YAApy :
6 m, (1+K,)
H mml + my() max
[Tnoma yiinsHIO0YO1 TINUTH :
7 E o~V .\/a'E'Bmin'my()
nn [0_0 ] 1 _ /«tz
AMIUTITY1a KOJTMBaHb yIapHUKA : Maca TpaM0iBKH :
8 _ Vx| Qo
Xy() - 2 tn Qmp Z [ pcm] : Fm’Mmp = T
[ponos:kenns Tada. 1.1
Continuation of the table. 1.1
1 2 3
Bepxus maca TpamMOiBKH :
9 m=M—-m, —m
2 = mp 30 ni
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JXopcTKicTh MPYKHUX €IEMEHTIB YIapHHUKA :

10 01:2-19,,'%
Xmax
JKopcTKicTh NPYKHUX €IEMEHTIB YIIUIBHIOIOYOT TUTUTH :
11 o= Mo My
2 max
m, +m,

XKopcrtkicts Oydepa ynapHuka :
12 ¢, =10-¢

13 BuKOHYIOTH pO3paxyHKH Ha MILIHICTh BY3JIiB Ta J€Talel yIIUIbHIOIYOro 001 HAaHHS

AMIUTITY1a KOJTMBaHb YIIUIBHIOIOYOT IUTUTH Y KOHTAKTI 13 OyAiBeTbHOIO CYMITIIIITIO :

14 Xomax =

-3,7—
15 H :1,2-Bminﬂ 1-e
W,

0

Yac yuiiapHEeHHS Ha OHOMY MICII :
16 C

t=—
k-n

Po3paxyHOK OCHOBHHX TTapaMeTpiB POTAIIHHOTO PO3MOAUIBHIKA PEKOMEHY€EThCSI BUKOHY-
BaTH y HACTYITHOMY MOPSIIKY :
1 . BHyTpilmHii AiaMeTp HarHITAFOUUX Ta 3JTUBHUX TPYOOIPOBOIiB Umpy Ta Omps , MM :

dmp >4,6- Cj—“ (15)

M

1€ Vi — JOIMYyCTUMa PEKOMEHI0BaHa LIBUJIKICTh MEpeTiKaHHsA poOovoi piAuHuU 1o TpyOonpoBoay , M/ ¢ ;
QH— HOMIHAJIBbHA 1TOJ1a4a , J1 / XBI .
2 . MiHIMabHO JIOITyCTHMA TOBIIMHA CTIHOK TPYOOITPOBO/IIB, MM :

i— pH .dmp

J K (16)

20,
1€ Ouwp— MeKa MIITHOCTI Ha pO3TATYBaHHS MaTepiary TpyoonpoBoy; Ks— KoedirieHT Oesmneku (> 6
MIPU MyJIbCALISAX MIKaX ) .
3 . 3HaXOATh TIIONII BIKOH KOPITyca T1APOPO3NOIITbHUKA

d=46- Q—H, 17)

v

M

€ Vinoiop=4 M/ ¢ — AONMyCTUMA IIBUIKICTh Y 3JIUBHINA MOPOKHUHI ; Vigeiop = 8 M/ ¢ — JTOIyCTHUMA
HIBUJIKICTh Y HarHiTarouii MOPOXXKHUHI T1ApOPO3NOAITEHHUKA .

26



Bumycx/Issue 2(39), 2023 T ‘

4 . MiHiMaJbHUHN JiaMeTp 30JI0THUKA JIJIs1 3SMEHIIICHHS Ta0apuTiB, M :

B
A, 22 (18)
° 7 2.sin22,5°
ne Bmax— MakcuMaabHUN pO3Mip BiKHA KOPITyCa Y HAIPSIMKY 0O€pTaHHS 30JIOTHUKA (SIKIIO OTBIp KPyTIUA
, TO 3JTMBHUM JllaMeTp BiKHA KOPITyca T1APOPO3NOIITILHUKA).

5 . lllupuna cMyru nepekprBaHHs 30JI0THUKA, M:

K=B_+0,004, (19)
6 . JloBxkuHa CMyTH [IepeKpUBaHHS 30JI0THUKA, M:
L=4, (20)
7 . Cuna HaBaHTa)XEHHS HA OMOPHI MIAIIUITHUKY 30JI0THUKA, H:
P3:ﬂ3'L'pmax, (21)
8 . KyT nepekpuTTs 3010THHKA, paj;
2-K
d=—. (22)
A,
9 . KyToBa mIBUAKICT 30JI0THHKA, ct:
1
o, = 3 w,c. (23)

10 . 3oBHIiIHIN AlaMeTp KopItyca riapopo3noaiisHuka [19], m :

N A (P 2 (24)
2 o, —1,3py

1€ Py — YMOBHHH THUCK PiJIMHU , SKHH MEPEBUIILYE POOOUHiA THCK HA =~ 25 % .
11 . ToBuIMHA KOPITYCY TiAPOPO3NOIIIBHHKA, M !

s. —r-2 (25)

Kopn 2

12 . OnTuManbHui 11aMeTpaabHUMN 3a30p MK 30JIOTHUKAMU 1 KOPITYCOM JJIs1 BUKITIOYEHHSI 3aKJIMHIO-
BaHHS [29], MKM:

§=0,4-77 +20, (26)

ne [JI3] =wmm .
13 . OnTrManbpHa JOBXKHHA IEPEKPHUTTS A0 YIIUTBHIOIYOTO Kimbls [29] :

0.4- 11, +20)°
IO"IWI = 1970 ’ ( ﬂj ) . p 1 (27)
v-I,-n
e Vv - B’s3KicTh po6odoi pimuan , Mm%/c ( 10 ... 11 Mm%/c ); N — gacToTa 06epTaHHs , 06/XBI .
14 . OntumasbHe BUTIKaHHS T1paBIigyHOT PiAWHH, JI/XBII:

Q,, =0,56-10". ;* -(0,4-4,+20)-n. (28)
15 . MiHimManbpHi BTpaTH NOTYKHOCTI, KBT!
N om =1864-1O‘1°-ﬂf-(0,4-ﬂ3+20)~n~p, (29)

J€ p — THCK 3a)KHUMY , Mna .
ITo nmpuBeneHii Bulle METOAUIII BU3HAYAIOTHCS OCHOBHI KOHCTPYKTHUBHI IapamMeTpH ,
a TaKOX IOMepe/IHl 3HAUeHHS TEXHOJOTIYHUX MapaMeTpiB YIIIJIbHEHHS .
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6. BucHOBKH:

1. Ha ocHOBI IpeICTaBJICHHS IPYHTY SK MPY>KHO-IJIACTHYHE CEPEOBHIIE BU3HAYCHI OCHO-
BHI [TapaMeTpH 3MiHU BIACTUBOCTEH CepeIOBHUIINA, III0 3HAXOIUTHCS B HAPYKEHO-Ie(hOpMOBaHOMY
CTaHi.

2. Bu3HayeHi OCHOBHI apaMeTpu B3a€MOJIi1 BIOPOTPaMOOBKH i3 yIIIIbHIOIOUUM IPYHTOM Ta
BCTAHOBJICHI aHAJIITUYHI 3aJIEXKHOCTI JIJIs1 OI[IHKH PO3IMOBCIO/PKCHHSI XBHJIb B CEPEIOBHIIII.
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ornag KOHCTPYKLUIN HABICHMX 3BYOHUKIB KOJIMBAHb TA NOCNIOXEHHA X
NAPAMETPIB | AOUITbHOCTI IX BUKOPUCTAHHA HA BIBPALIMHUX YCTAHOBKAX
ANnA NOKPALLEHHA YLWWIJTbHEHHA 3ANI3BOBETOHHUX BUPOBIB

AHOTALJIA. 3sedeHHsi bydigerib 3a 36ipHOO MeXHOI02iE sUKopucmosyemnscsi 0edasii 4acmiwe 8 Ykpa-
iHi. [NaparnenbHO 3 YUM pOo3WUPEMBbCS rnepestik 20mosux 3ani306emoHHUX 8upobis, sIKi BUKOPUCMO8YHOMbCS
8 MOHOMIMHO-KapKacHil i MOHOMIMHO-36ipHili mexHonoeisx. Yepes ye nocmae HeobxiOHicmb 36inswysamu
KinbKicmb fiHiG dnsi eupobHUYMea 20moeux 3asnizobemoHHUX supobie ma sukopucmogygamu obrnadHaHHS,
sike 0o38051UMb WBUDKO repeHana2odxysamu ripouec sUpobHuUmea y 3anexHocmi 8i0 3aMiHuU mury i po3mipy
KiHueeoi npodykuil. lNpu ubomy Halbinbw eidnosidaribHUM MPOUECOM € YWinbHeHHS | popMysaHHs 6emoHHOI
CyMiwi 3 sUKopucmaHHsIM 06’eMHOI mexHonoail ywinbHeHHs Ha 8ibpauitiHux ycmaHogekax 65104HOi abo pamHoi
KOHCMpyKUii. Taki ycmaHo8KuU pospaxoeaHi Ha yulinbHeHHss 6emoHHUX cymiwel y cmaHOapmu308aHuUx 3a po-
3Mmipamu ¢popmax i SKi He 8 nosHit Mipi gidnosidatroms guMo2aM yHigepcansHOCMI rpu 3MiHi Ipo2pamMu 8upo-
6Huuymea, 3abesrneqyeHHO 8UCOKOI iKocmi 2omosux 8upobie ma xapakmepu3ytombsCs CymmesumMu sumpa-
mamu eHepeii. OOHUM i3 HarnpsiMKie 8upilWeHHs HagedeHUX HedOTiKie € cmeopeHHs 8ibpauyiliHoi ycmaHo8KU 3
HagicHUMU 36yOHUKaMU KonueaHb i 3MiHHUM pexxumom pobomu. Taka idesi 3abe3rnedyembcsi BUKOPUCMaHHSIM
8ibpoycmaHOo8KU 8 SIKill pama 3 rpusapeHOr No8epx rniacmuHor 6e3rnocepedHbO i € Nid0OHOM Ha SIKOMY 8i0-
bysaembcs npoyec ywinbHeHHs. Posmipu matibymHb020 eupoby 0O6MeXXyrmbCsl 8CMaHOB8/IEHHSIM Ha MiO00H
bopmie i nepe2opodok, sKi 3aKpinIrrMbCs 3@ 00NMOMO20K MazgHIMHUX KPirieHb, 3a80sIKU YOMY MOXHa /1€2K0
nepenawmysamu ycmaHoeKy nid iHWi murnopo3mipu naHeneu. BukopucmaHHsi HagiCHUX 36yOHUKiI6 KonueaHb,
SIKi po3mauiosaHi piBHOMIPHO 10 oW hopMOymeoproyoI naumu Mae Ha Memi rnokpawumu po3nodin am-
nnimyd y o6’emi 6emoHHoOI cymiwi, nidsuwumu sKicms | 3MeHWUmMuU 4ac Ha yulinbHeHHs1 aupoby. B pobomi
3dilicHeHO 0251510 iICHYIYUX KOHCMPYKUil HasiCHUX 30yOHUKI8 KorugaHb, BUKOHAHO aHari3 ix Hedorlikie i nepe-
8ae, @ MaKoX MexHIYHUX napamempis. 3a ompumMaHuMu pe3ysibmamamu 8U3Ha4YeHo, WO rniaHemapHi nHes-
Mamud4Hi gibpamopu Matomb repegaau y 8efUYUHI 3MyWyoYoi cunu, Ky 30amHi eeHepysamu Ha 0OUHUUO
8/1aCHOI Macu y MOPIiBHSIHHI 3 eNeKMpUYHUMU i 2idpasriiyHUMU 8idueHmposuMu aHasno2amu. lNHeemornaHe-
mapHi 8i6po36ydHUKU rpocmi 3a KOHCMPYyKuy,iero, HalilHi i 038071910Mb peayireamu Yacmomy KOoJ/lueaHb 8
Oesikux mexax 6e3 3acmocysaHHs d00amkKosux MpuUCcmMpois.
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Knroyvoei cnoea: 36y0HUK KonueaHb, 8ibpomalidaHYuK, HagicHe gibpauiliHe obriadHaHHS, 3Mywyrda
cuna, debanaHc, ywinbHeHHs.

OVERVIEW OF THE DESIGNS OF HINGED VIBRATION EXCITERS AND RESEARCH
OF THEIR PARAMETERS AND THE FEASIBILITY OF THEIR USE ON VIBRATION
PLATFORMS TO IMPROVE THE COMPACTING OF REINFORCED CONCRETE PROD-
UCTS

ABSTRACT: Construction of buildings using prefabricated technology is increasingly used in Ukraine.
In parallel with this, the list of ready-made reinforced concrete products, which are used in monolithic-frame
and monolithic-prefabricated technologies, is expanding. Because of this, it becomes necessary to increase
the number of lines for the production of ready-made reinforced concrete products and to use equipment that
will allow to quickly adjust the production process depending on the change in the type and size of the final
products. At the same time, the most responsible process is the compaction and formation of the concrete
mixture using volumetric compaction technology on vibrating platforms of block or frame construction. Such
installations are designed for the compaction of concrete mixtures in forms standardized by size and which do
not fully meet the requirements of universality when changing the production program, ensuring high quality
of finished products, and are characterized by significant energy consumption. One of the directions for solving
the mentioned shortcomings is the creation of a vibration installation with attached vibration exciters and a
variable mode of operation. Such an idea is ensured by the use of a vibrating installation in which the frame
with a plate welded on top is directly the pallet on which the compaction process takes place. The dimensions
of the future product are limited by the installation of sides and partitions on the pallet, which are fixed using
magnetic fasteners, thanks to which it is possible to easily rearrange the installation for other standard sizes
of panels. The use of attached vibration exciters, which are evenly spaced over the area of the forming plate,
aims to improve the distribution of amplitudes in the volume of the concrete mixture, improve quality and reduce
the time for compaction of the product. The work includes an overview of the existing designs of mounted
vibration exciters, an analysis of their disadvantages and advantages, as well as technical parameters. Ac-
cording to the obtained results, it was determined that planetary pneumatic vibrators have advantages in the
amount of disturbing force that they are able to generate per unit of their own mass, higher indicators of dyna-
mism criteria compared to electric and hydraulic centrifugal analogues. Pneumoplanetary vibration exciters
are simple in design, reliable and allow adjusting the frequency of oscillations within certain limits without the
use of additional devices.

Keywords: vibration exciter, vibration platform, attached vibration equipment, disturbing force, imbal-
ance, compaction.

1. ITocranoBka npodaeMu. BUpoOHHUIITBO MIOCKUX 301pHUX 3a11300€TOHHUX BUPOOIB 1 KOHC-
TPYKIii Ha 3aBojiax OyAiHIyCTpii Bee 11e 3aiiMae BEIUKY JOJI0 B Taiy3i OyliBHUITBA, 1110 MOSACHIO-
€THCSI BUCOKUMH TTOKa3HUKAMH 110 TePMiHaM BUTOTOBJICHHS 1 skocTi mpoaykiii[1]. Haii6inpmn Bizmo-
B1JIQJIbHUM IIPOLIECOM IPHU iX BUPOOHHUITBI € MPOLEC YIIUIBHEHHS OETOHHUX CyMIIIEH, MPU SIKOMY
BiIOyBa€ThCs HAOLIBII PIBHOMIPHE PO3MOAUIEHHS CyMilli 1O Mol popMu MailOyTHROTro BUpOOY,
BUTICHEHHS TIOBITPs 1 3aiiBoi piauuu 3 cymimi[5]. Came Bij mpoiiecy yHIUTbHEHHS y OUTBIIIN Mipi
3aJIeKUTh HaJaHHA MOTPIOHOT KOH(Irypaii 1 He0OX1JHOT IUIBHOCTI CyMillli, III0 B TOTOBOMY BUPOO1
Ma€ MO3HAYUTHUCh Ha MIITHOCTI, BOJOHEIIPOHUKHOCTI, MOPO30CTIMKOCTI 1 3a0€3MeYNTH HAJIEKHY SIK-
ICTb ITOBEPXOHb.

[Ipu yurinbHeHH1 OETOHHOI CyMillll BAKOPUCTOBYIOThCS BIOpaIliiiHl yCTAHOBKHU, JI0 SIKUX BU-
CYBAaIOTBHCSl BUCOKI BUMOTH IO MapaMeTpaM 1 KOHCTpyKuii. OHaK He 3aBXKAM JJaH1 MalIMHU 33]J0BO-
JBHSAIOTH BUMOTaM 10 €()eKTUBHOCTI 1 eHEPrOEMHOCTI MPOIIECy YIIIIbHEHHS, HaIHHOCTI KOHCTPYK-
1ii[2] 1 He 3a0e3MmeuyoTh MOMJIMBICTh HIBUJIKOTO MEpEeHAIaroKeHH 1X 111 (JOpMyBaHHS BUPOOIB
pi3HUX 32 GOPMOIO 1 HATIOBHEHHSIM.

2. AHaJi3 ocTaHHiX aocaikensb i myoJaikaniii: JlocnimkenHro mpouecy GpopMyBaHHS 1 yIili-
JIbHEHHSI OETOHHUX 1 3a11300€TOHHUX CyMIIIed, a TAKOX BU/IIB O0JIaIHAHHS 1 CIOCO01B MPUBEICHHS
{oro B Jir0 MpHUCBsiueHa HU3Ka pooiT[1,2,5-6]. Y poborax [6,7] HaBeneHO OIJIs] OCHOBHUX CIIOCOOIB
yIIUIbHEHHS 1 popmyBaHHs 6eToHHUX cyMimeil. KoncTpykuisM BiOpamiifHuX 30yJHUKIB KOJIUBAaHb
npucBsiueHo podotu [1-3,5]. AHamni3y Ta OLiHII XapaKTepPHUCTHK 1 MapaMeTpiB BiOpamiiHIX yCTaHO-
BOK TPHUCBsYeHO poOoTy [5]. JocmimKeHHIO HaaiHHOCTI By3TiB BiOpamiiHUX YCTAHOBOK IIPUCBSYEHI
po6ortu [3,4]. B poboTi [6] mpucyTHI pekoMeHalii 111010 ONTUMAIFHUX MapaMeTpiB YUIIIbHEHHS, Ta
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BUKOPUCTAHHA MIPU LIbOMY HaBICHUX BiOpauiiHUX 30y THUKIB KOJIMBaHb 3 PI3HUMU KOHCTPYKLISAMH 1
napamMeTpamH.

3. Meta podotu. Po6oTa Mae Ha MeTi OTIIHYTH KOHCTPYKLIi 1 IPUBOAM HaBiCHUX BiOpamiii-
HUX 30yJHHUKIB KOJIMBaHb, SIK1 HAsIBHI HA PUHKY, JOCIIIUTH 1 MMOPIBHATH iX XapaKTEPUCTHUKH 1 Tapa-
METPH 32 KPUTEPISIMHU BiAHOIIECHHS 3MYIIYIO4YO1 CHJIM IO MAaCH Ta KPUTEPIEM CTATHYHUX Mac HEBPIB-
HOB2KEHHMX YaCTHH. A TAKOX JOCIHITUTA MOXJIMBICTh BCTAHOBJICHHSI HABICHUX 30YHHUKIB KOJMBAaHb
Ha BiOpaIliiiHy yCTaHOBKY JJIsl JOpMYBaHHS 1 YITUIbHEHHSI O€TOHHUX CYMIIICH 321715 3HKCHHS CHE-
PrOEMHOCTI MPOIIECY, 30LIBIIIEHHS MPOCTOTH KOHCTPYKIIT Ta HAIIHHOCTI 1 THYYKOCTI MiJIallTyBaHHS
il mapameTpiB i pi3Hi BUPOOH sIK 32 POPMOIO TaK i 32 HATIOBHEHHSIM.

4. Martepiaiu Ta MeTOIU. 3 TOUYKH 30pYy €(DEKTUBHOCTI 1 HATIHHOCTI KOHCTPYKIIi cepea Mo-
KIIMBUX BapilaHTiB KOHCTPYKLIN BiOpaIiifHOl yCTAaHOBKU 3 MPOCTOPOBUMH KOJIHMBAHHSAMH Oysi0 00-
paHO OJTHOMACOBY PaMHY KOHCTPYKIIIO 3 HABICHUMU BiOp030yAHHKaMHU KoymBaHb[8]. CxemMy naHOi
YCTaHOBKH IIPEICTABIEHO Ha puc. 1.

Z 247 %,

Wi 1 Im

Puc.1. Cxema BiOpaiiiHOi yCTaHOBKHM 3 HABICHUMH 30yAHUKaMU KOJIHBaHb
Fig. 1. Scheme of a vibration installation with attached vibration exciters

Bona cknanaerscs 3 pamu 1, sIKy BCTAaHOBJIEHO Ha MPY>KHUX OMOpax 2. YCTaHOBKA MPHUBO-
JTUTHCS y JiF0 HaBICHUMU 30yJHUKAMU KOJMBaHb 3, sIKI BCTAHOBJICHO HECUMETPHYHO Ha pami ycra-
HOBKHU. Pama ycTaHoBkH Ge3nocepeiHbo 1 € mianoHoM((popmoro), Ha SKOMY BUKOHYIOTh YIIUTbHEHHS
O6eroHHUX cyMinien 4. KOHCTpyKIIist ycTaHOBKH U1t 00’ €MHOTO YIIUIFHEHHS 3 HABICHUMH BiOp030Y-
JTHUKaMM KOJMBAaHb Ma€ Ha METI MOKPALIUTH PO3MOAITICHHS aMIUTITy I KOJIMBaHb MO MEPUMETPY IO-
BEpXHI (POPMH 1, IK HACIIJOK, TOKPAIIUTH €(PEKTUBHICTD 1 SKICTh YUIUIBHEHHS, @ TAKOK MIJBUIIUTH
HAJIHICTh KOHCTPYKIIIi.

HagicHi Bi6p0o30yIHUKH KOJIMBaHb, iX KOHCTPYKIIi, METOAM IPUBEIEHHS Y 10 1 TEXHIYHI Na-
paMeTpH CHIIBHO Pi3HATHCS. Y poOOTI BUKOHAHO CTPYKTYPHUH aHali3 KOHCTPYKIiH BiOpo30yIHUKIB
KOJIMBaHb, a TAKOK METOIU MPUBEACHHS iX y A110, PE3yJbTaTOM 4O0ro OyJId BUOKPEMJIEH] iX HEJJOJIKU
1 mepeBaru. OniHKa napaMeTpiB Oyj1a BUKOHaHA METOJIOM abCTparyBaHHs y pe3yJbTaTi 4oro Oyiu
BUJIUIEH] HAWOUIBII CYTTEBI TEXHIUHI TApaMeTPH 1 KOHCTPYKTUBHI OCOOJIMBOCTI HAaBICHUX BiOp030y-
JHUKIB KOJIMBaHb. 3 TEXHIYHUX MapaMeTpiB /i NOPIBHAHHA 00paHi 4acTOTa KOJMBAHb 1 3MYIIy04a
CHuIIa, SIKy reHepye BiOpo30yIHUK, 1 Horo maca. 3 KOHCTPYKTUBHUX OCOOJIMBOCTEH Taki BiIOpo30y-
HUKHU MaroTh BI/MOBIIaTH YMOBaM iX HaBillIyBaHHS Ha paMy BiOpoycTaHOBKH. [J1s MOpiBHSAHHS BiO-
PO30YHUKIB PI3HUX THUIIIB 1 KOHCTPYKILIA BUKOPUCTAHO KPUTEPIaIbHUM aHaMi3.

5. PesyabTaTn. He 3BaXkaroun Ha IMpPOKe MOLUIMPEHHS MOHOJIITHO-KapKacHOTO CIIOCO0y 3Be-
JeHHs Oy/IiBeNb y Halll Yyac, BAPOOHUIITBO 301pHUX 3aJ11300€TOHHUX KOHCTPYKIIH 1 feTasiell Bce 1ie
3aiiMa€ BeNMKY 4acTKy OyaiBHULTBA. [T0SCHIOETBCS 1€ THUM, 1110 KJIFOYOB1 TEXHOJIOT14HI MPOLIECH BH-
KOHYIOThCS Ha 3aBO/I1. Lle 103B0IsIE€ TOCATTH BUCOKHMX TTOKA3HUKIB IO TE€PMiHAM BUTOTOBJICHHS 1 SIKO-
cti npoaykuii[3].

Jns yminpHEeHH1 0€TOHHUX CyMilIel 3a3BU4ail BUKOPUCTOBY€ETHCS BIOpALiiHII METOI, IKH
MOJISITa€ y TOMY, IO NMPH KOJIMBAaHHSAX OETOHHA CyMilll OTPUMY€ BJIACTMBOCTI TEKYy4OCTI BHACITIIOK
MOPYIIEHHS 3B’SI3KIB MK YaCTWHKaMH(SIBHILE TUKCOTPOIIi), 1 BOHHU MiJ JI€I0 CHJI Bard MparHyTh
3alHATH OUTBII CTIHKE MOJ0KEHHS, IPH LIbOMY MOBITPS BUTUCKY€ETHCS 1 CyMIII YIIUTBHIOETHCSA[S].

BiOpaniiinuii MeTo yIIUJIbHEHHSI € OCHOBHUM IPH BUTOTOBJIEHHI 301pHUX OE€TOHHHUX 1 3ai-
300€TOHHUX BUPOOIB Yepe3 BUCOKY €(EKTUBHICTD, 1 ABJISE OJIHY 3 HAMOUIBII BiIOBITAILHUX OTlepa-
uid. Tomy no BiOpalifHUX MalllMH, SKI BUKOPUCTOBYIOThH JUIS YUIUIbHEHHS OETOHHUX CyMilieil

31



Texnika OyTiBHUITBA Bumyck/lIssue 2(39), 2023

npe.’ IBISIOTh BUCOKI BUMOTH TaKi SIK MPOCTOTa KOHCTPYKIIT 1, SIK pe3yJIbTaT, BUCOKA PEMOHTOIPH-
JATHICTB 1 HAJIHHICTh, HU3bKA CHEPIrOEMHICTH 1 METAJIOEMHICTD, @ TAKOXK 3a0€3MeUeHHS BUCOKOI ede-
KTUBHOCTI YIIiTbHEHHS[4].

3a3Buyali Ha BIOpalIMHUX YCTAaHOBKAX BHKOPHUCTOBYIOTHCS CTAI[lOHApHI BiOpaliifHi 30y1-
HUKH CHHYCOIJAIbHUX KOJUBaHb 3 4aCTOTOX KoiuBaHb 25, 50 I'm, pigme 100 ' i Bume[1].

3a IPUHIKIIOM JIii iICHY0Yi HaBiCHI BIOpO30yAHUKH KOJMBAHb IUIATh Ha Tpu rpynu[1-3]:

1. EnextpomarniTHi(enekTpoMexaHiyHi) BiOpo30yAHUKH KOJIMBaHb, B IKUX €JICKTPUYHA CHEP-

T'isl IEPETBOPIOETHCS B €HEPTil0 MEXaHIYHUX KOJINBAHb;

2. [THeBMO- Ta rigpomMexaHiuHi BiOp0o30yAHUKN KOJMBaHb, B IKUX €HEPris ra3onoaioHoro abo
piakoro po6ovoro Tijia MepeTBOPIOETHCS B EHEPIil0 MEXaHIYHUX KOJIMBAHb;
3. IHepiitHi BiIOpO30yIHUKHM KOJIMBAHb.

Jlo enekTpomMardiTHUX (puc.2) HaJIeXaTh BIOPO3OYTHUKH KOJIMBAaHb, B IKUX 3MYIITyHOYa CHJIa
CTBOPIOETHCSI MarHiTHUM TOJIEM, SIKE BUHHKAE KOJM 4epe3 OOMOTKY eJeKTpoMarHity 1 mpomycka-
€THCsI 3MIHHUN a00 MyJIbCYIOUHM CTPYM, IKUI CIIPUYHHSIE TIEPI0AMYHE HAMarHiuyBaHHs Ocep/is, BHa-
CIIIJIOK YOTO BUHHUKAIOTH MEPIOAMYHI CHIIM MPUTATAHHS SKOPS 2 10 oceps. 3BOPOTHIN pyX oceps
BiJI0YBa€THCS Mif JII€0 BITHOBIIOBAIBHOI CHIIA TIPYXKHH 3.

2 m,
1 1 N

REZ=J IR

m,
a)

Puc.2. EnexrpomarHitHuil BiOpo30yIHUK KOJTHBAHb:
a— cxeMa, 0 — 3araJbHUM BUTJIS]
Fig.2. Electromagnetic vibration exciter of oscillations:
a - scheme, b - general view

Jlo mimrociB Takux BiOpO30YJHUKIB MOXKHA BIIHECTH MOXJIMBICTh 3MIHU aMILTITYAu 06€3 3MiHU
9aCTOTH KOJIMBAHb, BI/ICYTHICTh €JIEMEHTIB T€PTS, CTBOPEHHS HANIPSIMIICHIX KOJIUBAHb.

Jlo MiHyCIB MO’KHa B1JIHECTH HEMOJKJIMBICTh PETYJIIOBAaHHS YaCTOTH KOJIMBaHb, BEJIMKI rada-
PUTH 1 Macy, a TAKOX BUCOKY LI1HYy oOJasHaHHs. BaHTaXoMmHOMHICTh €1€KTPOMAarHiTHUX BiOpaTo-
piB 3a3BHyYail He nepeBuIye 2 ToH. CaMe TOMY He OTpUMAaJId 3HAYHOT'O PO3MOBCIO/KEHHS B Oy/1iBe-
JIBHIN Tamy3l.

Binp1ioro po3noBCcroAKeHH OTpUMaIM THEBMO- Ta I'iIpOMeXaHi4Hi 30y THUKH KOJIMBaHb. Jlo
HUX HaJeKaTh BIOPO30YIHUKU KOJUBaHb, B IKUX 3MYIIyIOua CHJIa CTBOPIOETHCSI BHACIIIOK 3BOPO-
THO-TIOCTYTNAJIBHOTO PyXY HNOPILHS a00 1HIIOTO eeMEHTA ITiJT A1€I0 CTUCHYTOTO MOBITpsl 00 Haropy
plauHH.

B 3aranbHOMY BHUNaIKy KOHCTPYKIIiA TaKuX 30yAHUKIB KOJMBaHb (pUC.3) CKIANAETHCA 3 1IH-
miHapa 1, B cepeuHi SKOro NepeMilly€eThesl MOPIIEHb-3010THUK 8. CTHCHYTE MOBITPsI(piAMHA) MO-
Ja€ThCS Yepe3 BXITHUM OTBIp 3, KUIbLIEBIN MPOTOYII MOPILIHS 1 KaHATY 4 B MPOCTIp 3 MPaBoro 60Ky
nopurHs. I[1ig THcKkoM NOBITPSA(piIMHN) HOPIIEHb MEPEMIILYETHCS JIBOPYY, CTUCKAIOUU MPYKUHY 9.
HanpukiHiii pyXy HOpILIHS BJIiBO BIJKPUBAIOThCS KaHAH 6 1 2, KaHaIH 7 Ta 4 MepeKpuBarOThCs, TIOp-
IIEHb TIOYMHAE PYyXaTHCh Y 3BOPOTHOMY HAMPSMKY, ICIISI YOTO KT TOBTOPIOETHCS.
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Puc.3. [TaeBMaTn4HUit BiOpO30YIHUK KOTHBAaHb
a— cxeMa, O — 3araJbHUH BUTIISI
Fig. 3. Pneumatic vibration exciter
a - scheme, b - general view

Jlo mIrociB MOXKHA BIZJHECTH MPOCTOTY KOHCTPYKIIT, MOKIIUBICTb PETyJIFOBaHHS YaCTOTH KO-
JMBaHb, CTBOPECHHS HANPSIMIICHUX KOJIMBAHb.

Cepen MiHyCiB HaHOUIBII SBHUMH € HEBUCOKA YAaCTOTa KOJMBaHb, BEJIMKA Bara.

[nepuiitHi BiOpO30yTHIUKH KOJIMBAaHb MOXKHA PO3AUIUTH Ha JBI TPYNHU: BiIIEHTPOBI, AKi pO3-
BHUBAIOTH 1HEPIIHHI CHUJIM 32 pPaXyHOK 00epTaHHs HEBPIBHOBAKEHUX MAaCHBHHUX €JIEMEHTIB, 1 1HIII, Yy
SKHMX THEPIiiiHI CUJIM PO3BHUBAIOTHCS BiJ HE 00EPTOBOTO PyXy HEBPIBHOBA)KEHUX MACHBHHX €JIEMEH-
TIB.

Haii6inp1moro po3noBCroKeHHS Ha yCTAaHOBKAxX JUIst (POPMYBAHHS 1 yIIIIbHEHHS! OETOHHHUX
cyMilei HaOyJIH BiIEHTPOB1 BIOPO30YyAHUKH KOMBaHb. BiqieHTpoBi BIOPO30yIHUKH MOIUISIFOTHCS
Ha ie0aNaHCHi 1 IUTaHeTapHi. 3a THIIOM MPUBOY PO3PI3HAIOTH BIOPATOPH 3 €NEKTPUYHUM, ITHEBMA-
TUYHUM 1 T1APaBIIYHUM MTPUBOIAMHU.

Jeb6anancuuii BiOpo30ynHUK (puc.4,a) CKIagaeThes 13 Aedanancy 1, 1o 3aKkpirieHuid Ha BaTy
2, akui 006epTaeThCs B MIALIMITHUKAX 3aKpimieHuX B Kopiryci 3. Ilpu oGepranHi aebanaHcy 3 KyTo-
BOIO HIBUJIKICTIO @ BUHHMKAE BIALIEHTPOBA (3My1Iytoya) cuia Fo.

Jlo nebanaHcHuX BiOpO30YAHUKIB TaKOX BITHOCATHCS MHEBMAaTW4HI TypOiHHI BiOpaTopu
(puc.4,6). Cxiagaerbes 13 Kopnycy 1, B SKOMy BCTaHOBJIEHO TypOiHY 3, sika HEBPIBHOBa)K€HA ITyCTO-
TaMH 4 1 BCTaBKaMM 3 BXXKHX MarepiaiiB 5. [Ipu mojadi CTHCHYTOro MOBITPsI Yepe3 BIYCKHUI OTBIp
2 TypOiHa mo4rnHae 00epTaTHCh, BUHUKAE 3MyITytoua cuiia. BinnpaipoBaHe NOBITPs BUXOIUTh Yepes3
oTBIp 6.

Puc.4. KoHcTpykIlii BiALIEHTpOBUX JeOaaHCHUX BiIOP030YyIHUKIB KOJIMBAHb
a) TUTOBUi ebanaHcHUA BiOp0o30yAHUK, O) MHEBMATHIHUN TYpOIHHHN BiOPO30Y THIK
Fig.4. Designs of centrifugal unbalanced vibration exciter
a) typical unbalanced vibrator, b) pneumatic turbine vibrator
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HenonikoMm BiOpo30yJHHUKIB KOJIMBAaHb TAKOTO TUITY € T€, 110 YaCTOTa OOepTaHHs JedaaHC-
HOTO BaJly 0OMEXeHa HECY4YOr0 3JaTHICTIO OMOPHUX MiAMIMITHUKIB. OCKUTBKH KOPIYC MiAIIUITHAKIB
MOTaHO YUHUTH OIip BEIIMKUM BiALIEHTPOBUM CHJIAM.

Lleti Hemoik OyB MOJOJIAHUIN TIPU CTBOPEHHI BIAIEHTPOBHUX IUIAHETAPHUX BIOPO30YIHUKIB
KOJIMBaHb, OCKUILKH HEBPIBHOBAYKEHA Maca YaCTKOBO CITUPAETHLCS HA KOpIyc BiOparopa, abo BiOpa-
TOP 30BCIM HE Ma€ MiIIUITHUKIB.

[TnanerapHuii BiOpo30yAHUK CKIaJA€Thes 3 OIryHKA, SIKUH, 0OKOUYIOYHCh 1O OIroBiil 10pi-
XKITl, IepeIac Ha Hei BIALIEHTPOBY (3MYIIIYIOUY) CHITY.

3a TUMOM MiATPUMKU OOKAaTKH IUIAaHETAapHI BiOpO30OYIHMKH MOKHA PO3IUIMTH HA YOTHPH
BHJIM: TIOBOJIKOBO-TIJIAaHETApHI, (PPHUKIIHHO-TUIAHETAPHI 1 3y0YaTo-TUIaHEeTapHi, THEBMOIIAHETAPHI.
ITo ToMy, 5SIKOIO CBOEIO OOKOBOIO MIOBEPXHEIO OIrYHOK 00OKOUY€ETHCS 10 OIroBii TOPIXKIIl — 30BHIMIHIN
YW BHYTPIIIHINA, TUIaHETapHI BIOpO30YyAHUKH TOAUIAIOTH Ha 30y IHUKHU 3 30BHIIIHBOIO 1 3 BHYTpINI-
HBOIO 00KATKOIO.

CxeMy KOHCTPYKIIii MOBIIKOBO-TUIAHETAPHOTO BiOPO30yIHHUKA 3 30BHINTHBEOK 0OKATKOIO T10-
Ka3aHo Ha puc.5. Tyt 6iryHok 1 00kodyeThes o OiroBiit JOPIXKII y KOpIyci 2 3a JOMOMOT 010 MOBiIKa
3, skoMy oOepraHHs nepenaeThcst BaioM 4. KyToBa mIBHIKICTE OOKOYYBaHHS JOPIBHIOE KyTOBIH
IIBUJIKOCTI 0OepTaHHs MMOBiAKA.

D

| ]

Puc.5. KoHCTpyKIIis MOBiAKOBO-TIIAHETAPHOTO BiOP0O30yIHMKA KOJIMBaHb
Fig.5. The design of the belt-planetary vibration exciter of oscillations

OpukLiHO-TUIAaHETapHUNA B1IOPO30YTHHUK 3 30BHIIIHBOI OOKATKOO (pHC.S, a) CKIaJaeThes 3
OiryHka 1, o0epTaHHs SIKOTO MIATPUMYETHCS Nepeaadeto yepes Basl 2. biryHOK CBOE€IO 30BHIIIHBOIO
MOBEPXHEI0 00KOUYEThCA 10 OIroBiil AOpXKII Kopityca 3. Y BUna Ky BHYTpilIHbOi 00KaTKH (puc.6,0)
0IryHOK | BHYTPIIIHBOIO HUIIHAPUYHOIO IOBEPXHEI0 OOKOUYETHCS 10 OIrOBIN JOPIXKIIL, sIKA yTBOPIO-
€TbCsl OOKOBOIO MOBEPXHEIO MAJIbIA 2, AKMI BCTaHOBIIEHO B Kopmyci 3. OOepTaHHs OiryHKa MiJTpu-
My€Tbcs 00epTaHHIM Majblis 2 Bij enekTpoABUryHa. O0kaTka B 000X BUMAIKAX MIATPUMYETbCS CHU-
JaMH CyXOro TepTs MiX OIT'YHKOM 1 OIrOBOIO JOPIKKOIO, SIKI BUHHMKAIOTh IiJ] JI€I0 BiALIEHTPOBOI
CHJTHL.

3yb6uaTo-miaHeTapHi BiOpo30yAHUKN KOJIMBaHb BIAPI3HAIOTHCS BiJl PPUKLIHHO-TIIaHETApHUX
THUM, IO 032 OITOBUX JAOPIKOK MAETHCS 3y0UacTe 3a4eTUIeHHS OITyHKa 3 KOPIYCOM, SIKE MATPUMYE
00KOUyBaHHS.
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a)
Puc.6. Koncrpykiii ¢ppukiidiHo-IIaHeTApHUX BIOPO30YAHUKIB KOJUBAHb
a — 3 30BHINIHBOIO OOKATKO0, O — 3 BHYTPIIIHBOI 00KATKOIO
Fig. 6. Designs of friction-planetary vibration exciter
a — with external running-in, b — with internal running-in

3 mHeBMOIUIaHETApHUX BIOPO30YyIHUKIB OTPUMAIIA HAUOLIbIIE MOMIMPEHHS KYJIbKOBI, POJIH-
KOBI, TypOiHHI 1 pOTamiiiHi 3 BUCYBHOIO IJIACTUHOIO, @ TAKOXK-POJIMKOBO-JIOMATEBI.

Kynbkosi (puc.7, a) BiOpo30yJHUKH MPALIOIOTH HACTYITHUM YHMHOM: B POOOUYY MOPOKHUHY
Koprryca 1 uepes BXiTHUI OTBip 2 MOJAETHCS CTUCHYTE MOBITPS, CTPYMiHb SKOTO HIATPUMY€E 00KOUY-
BaHHA KyJbKH 3 1o 6iroBiil gopixui 4. BinnpanboBane moBiTps BUXOAUTH Yepe3 BUXIAHUN OTBIp 5.
3MiCHIOETHCS 30BHINTHE 0OKOUYBaHHS. TakuM K¢ YMHOM MPAMIOIOTH POJIMKOBI BiOPO30YIHUKH, O1-
HaK 3aMiCTh KYJIbKU MOBITPS J1€ HAa POJIUK a00 IMITIHID.

TypOogibparop (puc.7, 6) siBisie cob0r0 NWITIHIAPUYHHUNA Kopryc 1 3akputuii 3 000X CTOpiH,
BCEpEIMHI IKOT0 00epTaeThCs HUIIHAP 2 3 TUIACTUHOIO 3, 1110 KOB3a€ B IWIIH/IP] B paialbHOMY Ha-
npsMKy. [lmacTuHa po3aisisie TOPOKHUHY KOPITYCY Ha JIBl YaCTHHH, B OJHY 3 MOPOKHUH HAJXOIUTh
CTHCHEHE MOBITps uepe3 oTBip 3. [HIIA MOpOKHUHA 3’€HaHA 3 30BHILIHIM CEpPEIOBUILEM BHITYCK-
HUMH KaHasiamMu 5. CTHCHEHE TOBITPS BUKJIMKA€e 00epTaHHS BHYTPIIIHBOTO IUJIIHIPA IO BHYTPIIIHIN
MOBEPXHI KOPITYCY.

Poramiitnuii BiOpo30yauuk tumy «Bebep» (puc./, B)ckiiagaeTbes 3 Kopmycy 1, B CTIHKax
SIKOT'0 )KOPCTKO 3aKpIlJIeHO BICh 2, sIKa Ma€ MOPOXKHUHY JUIS HAJAXOJKEHHS MOBITPSI, B IKY BCTAHOB-
JIEHY TEKCTOJIITOBY IUIacTUHY 4. B LieHTpanbHuil OTBIp BiCl 5 MOJA€ThCA CTUCHYTE MOBITPS,SIKE IO
KaHaJly IMOCTya€e B HOPOXKHUHY MIX BiCCIO 1 OiryHKOM(IIMITiHAPOM) 3 31iBa BiJl TEKCTOJITOBOI IJ1ac-
TUHU. TUCK MOBITPS NIATPUMY€E OOKOUYyBaHHS OIryHKa 10O MOBEPXHI Bici. 31HCHIOETHCS] BHYTPILIHE
oOkouyBaHHA. Top1i GiryHKa KOB3al0Th 110 CTIHKaM Kopitycy. BignpaioBane noBiTps BUXOAUTH Ye-
pe3 oTBip 6 B cTiHLl. be3nepepBHe NpUTHCKaHHS MJIACTUHY J0 BHYTPIIIHBOI NOBEPXHI OIryHKa, 10
00KOUy€eThCs, 3a0€3Meuy€eThcsi TUCKOM TMOBITPsL B OTBOPI Bici. Takox iCHye pi3HOBUJ POTAILiiHOTO
B10p030yaHMKa, SKMI Mae ABa OiryHku(umiainapu) 3 1 4(puc.7,r). [Ipu nepexouyBaHHi OiryHka 3, mia
€10 BIILEHTPOBOT CHJIM, OIFYHOK 4 TaK0)X OYMHAE MEPEeKOYYBAaTUCh BITHOCHO OiryHka 3. Taki BiO-
PO30YJHUKHU F€HEPYIOTh OUIBITY 3MYIIYIOUY CHIIy HIXK B pOTalliHUX BIOpO30YyJHHKAX 3 OJTHUM OIry-
HKOM.

Takox iCHye posinKoBo-JonareBuit Bioparop(puc./, ). Ckiagaerscs 3 kopnycy 1, B skomy
3HAaXOAMUTHCS posinK 3 3 onatsimu 4. [ToBiTps depe3 OTBip 5 MOJA€THCS B MOPOXKHUHY 6 MIXK KOpITY-
coM | 1 3aJ1i3HOIO0 HAIPaBIISIFOYOIO 2, Jalli Yyepe3 OTBOPU 7 MOAAETHCA A0 KaMepH MK POJIMKOM 3,
nonaTsiMu 4. THCK TOBITPsI 3MYIITY€ POJIMK IUIaHETapHO 0OepTaTUcs B Kopiryci. Bumyck mositps 3/1iii-
CHIOIOTHCS Yepe3 BUITYCKHI OTBOPH Ha KIHIISIX JIOMATOK, 1 CIIPallbOBYIOTh B HUKHbOMY TOJIOKEHHI.
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Puc.7. KoHcTpykiii mHeBMOIUIaHETAPHUX BiOPO30YIHUKIB KOJTHBAaHb
a — KyJlbKOBHH; 6 — TypOoBiOpaTop; B — porauiiiHuii BiOpo30yaHuK THITy «Bebep»; r — portariiiHuii BiOpo3oya-
HUK 3 JBOMa OIryHKamu; Il — pOJIMKOBO-JIONIATEeBUil BiOpaTop
Fig. 7. Designs of pneumoplanetary vibration exciter
a — spherical; b — turbovibrator; ¢ — rotary vibration exciter of the "Weber" type; d — rotary vibrator with two
sliders; d — roller-blade vibrator

byno 3aificHeHo aHami3 ICHYIO4Oro BiOpaliifHOro HaBiCHOTO O0JIafHAHHS 3 PI3HUM KOHCTPY-
KIIHHUM BUKOHAHHSM, 1110 TPOTIOHYETHCS HA PUHKY. B pe3ynbrati mpoBeeHUX TOCIiKEHb Ta BH-
KOHAHOT'0 aHaJIi3y OyJiu BU3HA4Y€H1 HallO1IbII MPUHHATHI aHAJI0TrH BiOpauiiHuX 30y IHUKIB KOJIMBAHb,
SIK1 IPONIOHYIOTHCS JJIs1 IPUBE/IEHHS B 110 BiOpawiiiHo1 ycTaHOBKU(Ta0:.1).

Tabnuns 1. TexHivHI i TEXHOJIOTI4HI TapaMeTpy BiOpaniiHIX 30yIHUKIB KOJHUBaHb
Table 1. Technical and technological parameters of vibration exciters

HasBa Twun npmnsoay 30BHiLWHIM BUrNag, | YactoTa, 3myLyroya Maca, Kr
06/xs. cuna, H
Kemp Vibration | MHeBMaTUYHKIA 10800 62230 19.5
HSV - 24
Bianchi VP- MHeBMaTUYHNI 11000 60000 17.5

6000

Brecon 18 600 MHEeBMATUYHNI 11000 60000 18
001
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Navco UV L62Y EnexkTpuyHnii 3600 63000 180
Nettervibration EnekTpuyHmnin 6000 62970 181
NEG 506220
MB-60-50 EnektpuyHmin 3000 60000 219
Nettervibration FapaBaiyHWi 3000 61206 96
NHG 6000L
Nettervibration FgpasniyHuim 3900 49210 40.4
CCV-6-25-8HA
Martin-eng FapaBaiyHWi 1800 37000 83
HSV18-8300

Jis OLIIHKM XapaKTepUCTHK HaBICHUX BIOPO30yIHUKIB KOJIMBAHb OYJIM BUKOPHUCTaHI HACTY-
ITH1 KpUTEPIi OLIIHKU:

K, =m,r, = F/? (1)
K,=F/m. 2
ne F — 3mymryroua cuna Bi6paropa, H; o — yacToTa KonuBaHb Bibpatopa, ¢'; m — maca BiGpa-

TOpAa, KI.
Ha ocHoB1 uncnoBux 3Ha4eHb (auB.Ta0. 1) 3a kpurepisimu (1-2) Oynu 3a1HCHEH] pO3paxyHKH,
pe3yNbTaTu SKUX MpUBEIEH] y Tabm.2.

Tabnuns 2. Kputepii oninku napameTpiB BiOpaliitHuX 30yJHHKIB KOJIMBaHb
Table 2. Criteria for evaluating the parameters of vibration exciters of oscillations

Ne HasBa K1 K>

1 Kemp Vibration HSV - 24 0.049 3191
2 Bianchi VP-6000 0.045 3428
3 Brecon 18 600 001 0.045 3333
4 Navco UV L62Y 0.443 350
5 Nettervibration NEG 506220 0.159 347
6 MB-60-50 0.608 273
7 Nettervibration NHG 6000L 0.62 637
8 Nettervibration CCV-6-25-8HA 0.295 1218
9 Martin -eng HSV18-8300 1.04 445

3a pe3ynpTaTaMu JaHMX, 110 HaBeleH1 y Tabnuii 2 moOy1oBaHi TiCTOrpaMi CTATUYHUX Mac
HEBPIBHOBA)XEHUX YacTUH (puC.8), BiTHOMICHHS 3MYIIYIOUO1 CHIIH, 1[0 TEHEPYETHCS, 10 MacH 30y/1-
HUKa KOJMBaHb (puc.9).
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Puc.8. Kputepiii cTaTHYHHX Mac HEBPIBHOBAXKCHHUX YACTHH
Fig. 8. Criterion of static masses of unbalanced parts
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Puc.9. Kputepiii BifHOIIEHHS 3MyIITyIO4O0i CHIIH, III0 TEHEPYETHCS, 10 MAaCH 30yAHUKA KOJIMBAHb
Fig. 9. Criterion of the ratio of the generated driving force to the mass of the oscillator

6. BucHoBku. BukoHaH1 JOCHI)KEHHS TO3BOJIMIM BUSBUTH OCHOBHI KOHCTPYKIIIi HABICHUX
30y/IHUKIB KOJINBAaHb, BUAM MPUBEACHHS X B /1110, a TAKOK OLIIHUTH iX HEIOJIKH 1 nepesaru. [Ipu
MOPIBHSAHHI XapaKTepUCTUK BiIOpaTOpiB, 110 MPEACTABICH] HA PUHKY, IPUBEIEHUX B Ta0J. 1, BUABU-
JI0cs 1110 THEBMATHYHI IJIaHETapH1 BIOpaTopu MaroTh HalMEHIINN KpUTEPI Mac HEBPIBHOBAaXKEHUX
qacTuH (puc.S), 110 BIUIUBAE HA pecypc BiOpaTopa, nepeBard B BiIHOIIEHHIX 3MYIIYIOUO1 CUIIH, 10
reHepy€eThCs Ha OJUHUII0 MacH (pHc.6) B MOPIBHIHHI 3 €IEKTPUYHUMH 1 T1JIpaBIIYHUMHU BIIIEHTPO-
BUMH aHaJOraMu. 3a BU3HAYEHUMH B pe3yJIbTaTi OLIHKM 1 aHaji3y nmapameTpamu BiOpaTopiB Oyio
3aCBiUEHO, IO iX BUKOPUCTAHHS Ha BiOpOMaiJaHIMKaX MA€ CEHC JJIS IOKPAIICHHS 3arajlbHIX Xa-
PaKTEpUCTHK, a TAKOXK YCYHEHHS HE/I0JIIKIB, TAKUX SIK HEJJOCTATHHO PIBHOMIPHUHN PO3MOALT aMILTITY
KOJIMBaHb 110 IUIOINII BiOpoMaiiJaHuKKa, MOJIETIIEHHS 1 CIIPOIIEHHS KOHCTPYKLIT HOTro pamu.

Byno 3acBigueHo 110 HalOUTBII MPUHHATHUMH 32 XapaKTePUCTUKaMHU BUSBUIIKCS THEBMOILIA-
HEeTapHI BIALEHTPOB1 30y THUKU KOJUBaHb, OCKUIbKM BOHU MAalOTh HaWMEHIINI KPUTEpiii Macu HEB-
PIBHOBaXEHMX YACTHH, a TAKOK HalKpallli BiqHOIIeHHs Kpurepito Ko.

Takox cepen mepeBar MHEBMAaTUYHHUX BIOpPAaTOpPiB BapTO BIAMITUTH MPOCTOTY KOHCTPYKIIIi,
HaAIHHICTh, MOXIIUBICTh PETYJIIOBaHHS OOEPTIB B AEAKHX MeXax, 0e3 3aCTOCYBaHHS J10JIATKOBHX
MIPUCTPOIB 1 Maly Macy.

[TepcniekTHBH 1MOAANTBIIOT0 BUKOPUCTAHHSA BUCOKOYACTOTHUX MTHEBMOIUIAHETAPHUX BiJIIICHT-
POBHX HaBICHUX 30y/IHUKIB KOJIMBaHb Ha BIOpallIiHUX yCTaHOBKaX Oy/1€ TOCTIPKEHO B Mall0yTHbOMY
eKCIIepUMEHTAIbHUM IIUISIXOM Ha J1a00paTOpHii ycTaHOBIII.

Choucox BUKOPUCTAHHUX TIKEpPeEJI:
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AHOTALIA. PosansiHymo mooesnoeaHHs CKnadHux OUHaMIYHUX cUCMEM 3i 3SMIHHUMU Xapakmepucmukamu
MPY>XKHUX efleMeHmie ma ompuMaHi aHanimuyHi 3anexHocmi 0 peanizauii 6azamo pexumMHux cyb- i
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DETERMINATION OF ELASTIC CHARACTERISTICS OF BUILDING INDUSTRY
VIBRATION SYSTEMS

ABSTRACT. The design of the difficult dynamic systems is examined with removable descriptions of
resilient elements and analytical dependences are got for realization of multimode resonances and the card of
stability of vibration of shock machines is offered.

Keywords: resonance, zone of stability, vibroshock system, elasticity, elastic elements.

1. IToctanoBka mpodaeMu. OTHUM 3 MOXKJIMBHX NUIAXIB MiABUIICHHS TEXHOJIOTIYHOTO
MIPOLIECY € CTBOPEHHSI BIOPOMAIIMHY, B KOHCTPYKIIIT SIKOT Iepe10aueHo napaMeTp, 110 3MIHIOEThCS B
yaci, HalpUKJIaJl, BAKOPUCTAHHS JOJATKOBOTO MPY>KHOTO eneMeHTy [1].

Ci

FO ewot Cl + CZ ,,,,,,,,,,,,,,,

— =

— A =
— —
/za —

S
2

<
A
N
\ 4
A
K5
~y

S
2

Puc. 1. Y3aranbHeHa BiOpoynapHa cuctema (a) i 3MiHa MPYKHOCTI 3a niepiox (0)

Take pimeHHs a€ MOXIUBICTH OTPUMATH CTiMKI PEXKUMH PyXy, B SKHX pealli3yloThbCs SIK
OCHOBHHUH Tak 1 cy0- 1 cyneppe30HaHC, BUBYEHHS 1 BCTAHOBJIEHHS SIKUX Ma€ MPAaKTUYHUI 1HTepec.
OOyMOBIIOETBCS 1€ TUM, 1110 BiTKPUBAIOTHCS HOBI MOTEHIIMHI MOXKIUBOCTI AJS Mepeadi 4yacToT,
BIZIMIHHUX BiJi OCHOBHOI, 1[0 3HAYHO MiABHUIIY€E €(PEKTUBHICTH poOoYOoro mporecy. Po3mistHeMo
HaBe/leHy TiOpHIHY AMHaMiYHy cuctemy (puc.l, a), B AKiil KOMMBaHHS 3B’A3aHl 3 MEPIOAUYHOIO
3JICKHICTIO BiJl 9acy mapameTpa npykHocTti (puc.l, 0).

2. Mone/iloBaHHS Ta METOIMKA J0CHizKeHb. Po3niIssHeMO HaBeieHy TiOpHIHY AUHAMIUHY
cucremy (puc.l, a), B sIKii KOJIMBAaHHA 3B’S3aH1 3 MEPIOAMYHOIO 3aJICKHICTIO BlJ] 4acy mapamMmerpa
xopctkocTi (puc.l, 0). MaremarnyHe BH3HAYEeHHs LILOTO KJacy KOJMBAHb 3a3BUYAl JA€ThCS IS
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CHCTEM, PIBHSHHS PyXy SIKUX 3BOAATHCS 710 3BHUANHMX PIBHSHB Y 4aci (mapaMeTpUy4Hi KOJTUBAHHS).
B nipuiinsTiii po3paxyHKoBii cxemi (puc. 1,a) mij m po3yMie€Tbes TpUBEACHA Maca BIOPOCUCTEMH, IO
BKJIIOYAE B ce0e Macy MaIlluHU, [0 KOJIUBAETHCS, 1 PEAKTHBHUM OIip CepeIOBUIIA:
_ !
m=m, +m; m
9

o p.o

Jie My, - Maca pobo4oro opramy;

E?ii(_nzwz)\/u2+v2 cos nwt+arctg[— ”] l\r|1ll
® n

n=1 n=1

QJ‘Q.

!

Mme=—"- ; (1)
>3 (-n’w’)yu’ +v* cos| not +arctg (—:”]
n=1 n=1 n
e
N.. = allsh(zallh) — Py sin (Zﬁln h).
H ch(2e,h)+cos(28,h)
a,, = _ e cos{l arctg (— 7)};
cAl+y? 2

L sin[1 arctg( 7)}
n = 5 —7))
4 2
c,yl+y 2
Tumuacosi Bigpizku (puc.1,0) 7; 1 T, NPEACTaBIAIOTH BIAMOBIAHO Yac pyxy Mmacu 0Oe3
KOHTAKTYy 3 MPYXKHAMH OOMEXKHUKaMHU KOJMBaHb, MPYKHICTIO ¢ 1 B KOHTAKTI 3 IIAMH C€JICMCHTAMH.
OueBupano, mo T = 14 + T5.

Po3mIstHEMO TIiIXi/1, CYTh SKOTO JISKHUTD B OIIHII CEPEeaHBOI 3a mepion T mpy»KHOCTI ¢ [2].

17 1% t T
c=—Ic(t)dt:— I(cl+c2)dt+jcldt =C,+C, 2. ()
T 0 T (o] T T
2
Tyt Bimik 4acy npuiiMaeTbcs 3 MOMEHTY KOHTAakTy JABOX Mac, L0 B3aEMOAIIOTH (puc.l).
ITiaxiz, mo BUpaXeHH y BUDISIL [2], 103BOJIsIE ampOKCHMYBATH TaHHi 3aKoH ¢ (t) QyHKIIE0

T
c(t)~c,+c, cos| —t |. (3)
21,

[MpuitHsATHII 3amKC OOTPYHTOBYETHCS THM, IO «IPAMOKYTHUH cruteck» c(t) (puc.l,a) Ha

. . . . . 1
ninsHIl 0<t</ MOXKHA OMUCAaTH KOCHHYCO1aTbHOI0 (DYHKITIEI0, 1 TaK K COS wt = 0 mpu t = ZT’ TO

1 2T 2T T .
BUOUpaAIOUu T, = ZT’ OyaemMo MaTH, o w = T m JI1s1 3HaXO/KEHHS 3aJI€KHOCTI IS Cy

Oy/z1eMO BUXOIUTH 3 TOTOXKHOCTI (2) 1 (3), Maroun Ha yBa3i 3MiHy c(t) sk cepeanro 3a nepion 7+

17 T T
=||c,+c, cos| —t | dt=c,+c, 2. 4
T-([l g [Zrzj T )
Po3B’s13aBmu (4), oTpuMaemMo:
-C
CX :——Tc 2 . (5)
2sin| T
2,

3HaK « — » BKa3ye, 110 3HAYE€HHs CUHYCA, 0 PO3MISAAIOThCS, JeKaTh B 3-i 1 4-i1 uBepTsIX
T T . . .o . . .
;;>7T , BIAMTOBITHO, 3aBKIM C,>0. JIilicHO, BAKOPUCTOBYIOUH Hociiaui nani [1,3,4]., Oymemo maru
T2 _ Tk _

1 . T 1 b4 . . .
- = 7 = 5 Tomi npu ?2 =35 Cx = 5 C;. Tozti € MOXJTMBICTb 3amMCaTH PIBHAHHS KOTMBAHL CHCTEMHU
(puc.1,a) B TpOXH 1HIIOMY BUIJISI:
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mX + cl+cx(2itj X +BX = F, sin (ot +¢), (6)
T
ac
m:mc+mc(al+ai%} (7)
O T
B=B0+mC£0)dl+?dl?2J; (8)

4 = a,sin2p,h—-B, sin2p,h
" h(a?+B?)[ch2a,h +cos2B,h]’
a,sin2p h—B,sh2a h

h(a? +pB2)[ch2a,h+cos2B h]

Ha BinMminy Bif (8), TyT aj 1d] - Koedili€eHTH BIUIMBY PEAKTUBHUX 1 aKTHBHUX CHJI OTIOPY Ha
*

©)

in —

.w . .. . .o
HacTOTi —-, a Gy 1 d; (muB. 8) — Koeili€eHTH BIUIMBY PEAKTUBHUX 1 aKTUBHUX CHJI OTIOPY Ha OCHOBHIN

. . . . 21 a)* #* Q.
9aCTOTi W} Ty - 9aC KOHTAKTY 3 C; I'— mepios 3MiHM NPYKHOCT; w = —, :

Po3ristHemo BinbHI KOJMBaHHS 0€3 BpaxyBaHHS pO3CIIOBAaHHS €HEPTii 3 HACTYITHUM aHalli30M
MTOBHOTO PiBHSHHS (6).

[Ipunyctumo b = 0 1 Fy, Toxi piBHsAHHSA (6) MaTuMe BUTJISI:

mX + cl+cxcos(ij x=0. (10)

2,
Lle piBHAHHA Mar'e, B IKOMY BpaxOBaHI XBWJIbOBI HPOIECH. XapaKTep LbOTO PIBHSHHS
. . .. . . . o T 1
3aJICKUTh BiA JBOX Oe3po3MipHHMX KoedimieHTiB. BBiBmm 0Oe3posMmipauii wac 6 = —t - -,

2T2 2
nepeTBopumMo piBHAHHSA (10)
d’x
w+(f§+2qcosze)x:0, (11)
ae
4c, 2c

()l

£=

(5, )

. T
Po3rnsiHeMO KoMBaHHSA 3 BpaxXyBaHHSAM BHUIIHUX T'apMOHIK!: ZT =w = 27’1(1), € n — 4uCio,
2

6mm3bke 710 2. Yac KOHTAKTY MPH IIbOMY T, = —— = — r _T TIpu oMYy Ci1iT BIIMITUTH 0
AO 2. Ty IPH IBOMY 12 = e an 2m  sn' DY HPOMY CIII BIZ » ML

TOYHO N # 2, TakK sIK 1HAKIIIE C,, — 00 3TiHO oro Bupasy (5). Tomy Oynemo OpaT 4MCI0B1 3HAYECHHS
n =1,9;1,95;1,975;1,99.
Taxkum urHOM, POPMYIH [T BU3HAUEHHS &,q, C, OyIyTh MaTH BUTIIST

C c miC
&Z ; 7 4= X2 710 ="5 2 2 ) (12)
mn‘o 2mn‘e 2sin4nn
YU TICIS MACTAaHOBKH C, 1 ¢ OTPUMAEMO
2
c, . mic
E=——=:0=- 2 2o : (13)
mn’w 4mn*w’sin(4mm)

HeoOxiHO BCTaHOBUTHM TeHEpalil0 CyHNeprapMoHIK 3 YacTOTOI0 Q@ 32 PAaXyHOK
MapaMeTpUYHOI 3MIHU IPY’KHOCTI B CUCTEMI.
KoedimienT ¢ (xapakrepu3ye BIIHOIIEHHS BJIACHOI YacTOTH CHCTEMH IPH CEPeIHbOMY
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3HaUEHHI mapameTpa C; JI0 YaCTOTH 3MIHM MapaMeTpa MPYKHOCTI) 1 Koe(ilieHT q (XapakTepusye
CTYIIIHb 3MIHU MapaMeTpa MPY>KHOCTI) MOBHICTIO BU3HAYAKOTh CTIWKICTh pyxy. IlmomuHa 3miHU
napameTpiB £ 1 g Moxke OyTH po3JiieHa Ha 00JIACTI, IO BiAMOBIAIOTH CTIMKUM 1 HECTIMKUM. SKII0
napamMeTpH ¢ 1 q TIOMaiarTh B 30HY CTIMKOCTI, TOA1 MOXITHBI niepiognyHi pimnerHs (10). [Tpu npomy
MepioJl pyxy MOBUHEH BJBIYI MMEPEBUIYBATH MEPioj 3MiHU mapaMeTpa. SIKIIo K 3MiHa )KOPCTKOCTI
MPONOPIIHHO 4w CHUCTEMH, TOJI PyX MPOIMOPIIHHO MOJBOEHOI YACTOTH CUCTEMH 2(W 1 OTPUMAEMO
CyneprapMOHIHHY CKJIQJOBY B 30HI CTIMKOCTI.

q
20

15 ’

~Wh 30M0

10

05 ;

05 10 5 20 25 30 35 40 45 50

Puc. 3. Kapra criiikocTi BiOpoygapHOi cucTeMu

A Temep BpaxyeMo po3CisiHHA eHeprii B cuctemi, 10010 b # 0. Toni ymoBa BUHUKHEHHS
cylieppe3oHaHcy Oy/ie mpu yMOBI
(6-1)~g* —og <0, (15)
3BIAKY KOe(DillieHT

0)*
—. (16)
2m

3BiJICH BUILTUBAE, IO SIKIIO TPU BIJICYTHOCTI TEPTs cymneppe3oHaHc Hactynas mpu g>(1 —
&) = 1, To 3apa3 rpaHuIl 1O g 3pocTae, TOOTo ymMoBa (15) 3 BpaxyBaHHsM (14) MaTiMe BUTIIST

2 2
B nc, > -G J N br 17
4mn*w’sin (4nn) ( mn’w’ 4me, | (a7

Crae o4eBHIHUM, 1110 3MiHA Yacy KOHTAKTy T, TATHE 3a c000r0 3MiHy napaMeTpa g. Jlo uporo
MO’KHa TOOABUTH, III0 OCKUIBKH JJaHa CUCTEMa MPEAICTaBISAETHCS T1OpUAHOIO (6), TO Koe(illieHT m,
110 Ma€ PO3MIPHICTh MacH 1 BU3HAYA€ PEaKTUBHUH OIIip, 3aJI€KUTh BiJl YaCTOTH.

3BEepHEMOCH JI0 BUXITHOTO DPIBHSHHS (6), TOOTO 3apa3 pO3MITHEMO HAWOUIBIN 3arajbHUMA
BUIIAJ0K PyXy AOCIiIKyBaHOI CHCTEMH. VITyun IIIAXOM, aHAJIOTiYHHM NP OTPUMAHHI PiBHAHHS
(10), 6ynemo maTtu

9>(5-1)"+o?; a,=b

E+ouE+(E+29c0s20)E=0. (18)

YMOBOIO HecTilikocTi, sk i panime (15), € Bupas (£ — 1) + g2 + a? < 0, T06TO HasABHICTH
3MYILIYIO4Oi CHWJIM HE 3MIHMJIO 30HM CTIHKOCTI 1 HECTIMKOCTI MapaMeTpUYHUX KOJIMBaHb, IO
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O3S IAIOTHCS.
OriHuMoO, sKi 00J7aCT1 KOJMBAJILHUX PEXXHUMIB B KOOPJIMHATAX W, Xo. Hexal xy; - aMIuIiTyaa

Ha YacTOTi w, a X(, - aMIUTITY/1a HA 9acToTl 2w (cyneppe3oHaHc). 3MyIIyloda Crujia Ma€ aMILTITYLy
FyHa JacToTi w:

X =Xy, Sinot + B, cos ot + X, Sin 2ot + B, cos 2mt.

Tenep BU3HAUMMO POOOTY 30BHIIIHIX 1 BHYTPIIIHIX CHUJI CUCTEMH.
Po6oTa 30BHINIHKOT CHITU HA IIUKJI KOJIMBAHb CKJIAJIAE:

A= IwF(t)X(t)dt = F,X, Sin §,

TakK K poboTa 30BHIMIHBOI crin F (t) Haj cyneprapMOHiKOIO 1a€ HYJIbOBU BHECOK.
Po6Gora BHyTpiHIX crl (CHIT TePTs) 3a MEPi0j] KOIMBAHb:

W= I b,xdt = (nx§1w+ 4nxgzm) b,.

I3 ymoBu Ganancy eneprii A = W orpumaemo:
H 2 2
TRy Xy SIN ¢ = 1,00 (X3, +4X7, ),
(x81+4x8,)by @

3BIJIKH Sin @ = P
0101

. Ockinbku sin @ < 1, Toxi:

(xfJl +4x2, ) b,m <1

I:OXOl

I3 1i€el HEPIBHOCTI MATUMEMO:

(19)

Jlyis 30UIbLICHHST BHECKY CYNEpPrapMOHIK X, HEOOXiHE 3pOCTaHHS CUJIH 3 OJHOYACHUM
3MEHIICHHSIM CHJI TepTsS by 1 9acToTH W.
3alexHICTh Xy, Bi X(;0y/le MaTh HEBETUKY BEPXHIO MOXKIIUBY MEXY.

F0x01 2 _ . 4 _
ko — T Xo1 = f(x01), To HEOOXinHa ymoBa Oyze BUKOHyBaTHCh TIPH [f (Xo1)]x,, = O
. F0x01 _ . _ FO . . . .
Tomi PO 2x91 = 01x91 = ETI [Ipy npoMy 3Ha4YEHH1 aMILTITYH X1 AMIUNTY/A, O IIYKAEThCS:
1
1 o7 1
Xz S 5[ 2Xg1 = Xog S5 Xpy. (20)
2 2
. . . Fo
[lpn npuifHATOMY MiIXOAI MAaTUMEMO, IO Xgp < 0,5X(;. 3HaruM X3; = ——, MOXKHA

2b1w’
OTpUMaTH YMOBY, IO BU3HA4Ya€ aMHHiTYI[y:

0
Xgp < Iho (21)

HasBHICTD 3MyIIyI04O01 CHJIM B PO3IITHYTOMY HaONMKEHH] HE 3MIHIOE KapTy CTIHKOCTI, ane
3aae 0OMEKEHHsI 3BepXy Ha aMILTITYIy Cyleppe30HaHCHOT TAPMOHIKH.

Takum umHOM, iHXkeHepHI Gopmymu (14), (16), (21) m03BONAIOTH BU3HAYUTH HEOOXiIHI
napaMeTpu Ui peajizallii cyneppe3oHaHCHOIO PEeXUMY poOOTH BIOPOCHMCTEMH HpPH BpaxyBaHHI
XBHJIBOBHX MPOILIECIB B YIIUIbHIOIOUOMY CEPEIOBHILLI.

3. BucHoBKH:

1. 3anpornoHOBaHMI METOJ MOJICTIOBAHHS CKJIQJHUX 3MIIIAHUX JTUCKPETHO-KOHTHHYATbHUX
CUCTEM, J1a€ MOXXJIMBICTh OTPUMATH aHATITHYHI 3aJIEKHOCTI JJIs BHSICHEHHS (DI3MUHUX SBUII, IO
BUHHUKAIOTH B BIOPOYAapHUX CHUCTEMaX.

2. OTpuMaHi 3aleXHOCTI Ui BU3HAYCHHS NPYKHUX EJEMEHTIB, SKi JalOTh MOXKJIHMBICTh
pearizyBaTu CyneprapMOHIHHAN PE30HAHC.
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3. [IpuBenena MeTonuka pO3paxyHKy OCHOBHHUX IapaMeTpiB BiOpOyZapHHX CHCTEM 1
nmoOy0BaHa KapTa CTIMKOCTI, sKa BigoOpaxkae peabHU TEXHOJIOTIYHUMN MTPOIIEC.
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OCHOBHI MOKA3HUKU KEPYBAHHSA SIKICTIO BYAIBENbHOI OPFAHISALII

AHOTALIAA. B cmammi HagedeHo 8iciM OCHOBHUX MOKa3HUKI8 cucmemu MeHeOXMeHmMy siKocmi, sKi
00380/15110Mb CYMMEBO MoinWumu cucmemy KepyesaHHs sikicmio 6ydieesibHoi opaaHizauil. OcHO8Hi nepesaau
UUX roKasHuKig 36inbweHHs Npubymky, Crioxug4yoi eapmocmi, skocmi nid2aomoeku chaxisyie, nmioeuUUeHHs
KOHKYPEeHMOCIMPOMOXHOCMI, 8CMaHOBIIEHHSI 83aEM0O8U2IOHUX 8IOHOCUH bydigesibHOI opeaHi3auii 3 nocmadya-
NIbHUKaMu ma niopsiOHUKamu.

Knroyoei cnoea: cmaHdapm, cucmema MeHedXMeHmy SKocmi, MPUHUUI, yrpasiHHs SKICmio.

MAIN INDICATORS OF QUALITY MANAGEMENT OF BUILDING ORGANIZATION

ABSTRACT: The eight main indicators of the quality management system, which can significantly
improve the quality management system of the building are given in the article. The main advantages of these
indicators increase profits, consumer value, quality of training, improving competitiveness, establishing
mutually beneficial relationship building organization to suppliers and contractors.

Keywords: standard, quality management system, the principle of quality management.

1. ITocTanoBKa MpodIeMH Ta aHAJI3 OcTaHHIX my0aikanii. B ymoBax cyyacHOT eKOHOMIKH
npo0JeMa sIKOCT1 € HAaBaYKTMBIIIUM YHHHUKOM IT1/IBUIIEHHS PiBHSI KUTTS, EKOHOMIYHO1, COI1aTbHOT
Ta exkoJjoriuHoi 6e3nexu. s npobiema akTyanbHa 1 171 Oy 1iBenbHOI ranysi. B Ykpaini nie cuctema
JIep’KaBHOTO PEryJIlOBaHHs Oy/lIBEJIbHOI raiy3i 3acCHOBaHa Ha ii JineH3yBaHHi. Cuctema MeHeKMe-
HTY SIKOCTI BM3Ha4ae piBeHb SKOCTI OyaiBenabHOI oprasizauii. ChoroaHi B OyAiBelIbHIUX KOMIaHIsIX
KEepyBaHHS SIKICTIO 3[{IHCHIOETHCSI HEJOCTaTHBO €(DEKTUBHO, TOMY 1[0 OKPEMI EJIEMEHTH CUCTEMH, HE
BIJINIOBIJal0Th BUMOTraM MixkHapoaHux cranaaptis ISO cepii 9000. s npukiany B €C qomyckaroTh
piBeHb Opaky He Ouibiie 2-3% obcsary Bif OyniBenbHOT KoHCTpyKLii, B CHIA Takuii nomyck - 1%, B
Anonii - merme 1%. [Ipu omiHKK SKOCTI OyAIBHUIITBA MOKA3HUKH IMOBHHHI BIJMOBIATH BUMOTaM
cnokuBadiB [3]. B manuii yac epeKTHUBHI CUCTEMHU SKOCTI, 1110 BiAMOBi1al0Th BUMOTaM PUHKY, IPYH-
TytoThes Ha Bu3HaueHH1 TQM (Total Quality Management), ykpaiHChKOIO MOBOIO - 3arajibHE yIIpaB-
niHHA gkicTio. Hosi ctangaptu cepii ISO rpyHTyI0ThCS Ha BOCBMH OCHOBHUX NO3ULIsAX TQM.

2. BuksiazieHHs1 0CHOBHOT0 MaTepianay. OpieHTallist Ha CIOYKMBaya JSKUTh B OCHOBI ITEPIIOi
no3uuii. 3pocTarounii MpuOYTOK 1 MiJABUIIEHHS JIOSUIBHOCTI CIHOXHMBaya € OCHOBHUMH IIepeBaraMu
i€l mo3wuii. [1pu BUKOprCTaHH1 I1i€T TO3UITIT BUMIPIOETHCS 3aI0BOJICHICTh CITOKUBAYIB 1 pe3yiIbTa-
TiB AISUTBHOCTI Oy 1iBeTTbHOT KOMIaHii TUM caMUM 3a0e3neuyeTbes 30aTaHCOBaHUH MiIX1/1 10 CTIOXKH-
Baua i 710 BCIX 3aIliKaBJICHUX CTOPIH [1].
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JlonaTkoBI KOHKYpPEHTHI MEpeBart Jie)kaTb B OCHOBI JIiIEPCTBA, 110 € JAPYTMM NPHHLIUIIOM
TQM. KepiBHuku OyAiBeIbHUX HIANPUEMCTB IIOBUHHI CBOIM MPHUKIAIOM JEMOHCTPYBATH MPUXUIIb-
HICTh CHCTEMI SIKOCTi. BUKOPHCTOBYIOUH ITF0 MO3HIIIFO KEPIBHHUIITBO MIAMPUEMCTBA CTABUThH MTUTAHHS
YIPABIIHHS 1 KOHTPOJIIO SIKOCTI Y BUTJISAI IOBFOCTPOKOBOI IOJIITUKH 1 Micii OyiBeIbHOT opraHizaiii
y BCIX BUPOOHMYMX 1 (PYHKIIOHATBHUX MiAPO3AiTax. 3aCTOCyBaHHA IIi€l MO3ULIT cripuse pearnizarii
MaKCUMAaJIbHUX MOJJIMBOCTEH IEPCOHANy 1 KPalloMy BHPIIIEHHIO 3aBIaHb SKOCTI. TakuM 4MHOM,
KEpIBHUIITBO MIOBUHHO ITiIBUIIYBATH SKICTh MiATOTOBKH CBOIX (PaxiBIiB i MAKCUMi3yBaTH MOKITHUBO-
CTi IEPCOHAJTy Ha Kpallle BUPIIIEHHS 3aBaHb SKOCTI.

CyTHicTh TpeThoi MO3HULT «3aTydeHHs IEPCOHANTY» B CHCTEMAax YIPABIIHHS SKICTIO IEpe-
Oadae, 110 MPaIiBHUKHU BCIX PiBHIB CKJIaJal0Th OCHOBY OpTraHi3allii, i iXHe TTOBHE 3aJy4CHHS J1a€ MO-
KIIMBICTH OpTaHizalii 3 BUTOI0I0 BUKOPUCTOBYBATH ix 31110HOCTI [3]. EkoHOMiuHMI edekT Bix pea-
J3arlii MOo3uIIii MOKE MOJISATaTH B HACTYITHOMY: 3HIDKEHHs COOIBapTOCTI, JOJIATKOBE 3Ty YeHHS, yT-
PUMaHHS 1 JIOSUTBHICTD CIIO)KHMBAYa; MiABUIICHHS BiJINOBIIAIBHOCTI MPAIiBHUKIB, ONTHMI3allis po-
1I€CIB 1 MiIBHIIEHHS 1X pe3yJbTaTUBHOCTI Ta €()EKTUBHOCTI; MOJIIIICHHS pOOOTH B JIAHI[I031 ITOCTa-
YaHb; PO3UIMPEHHS TisSUTBHOCTI, IiIBUIIEHHS HAJIIHOCTI 1 CTiMKOCTI opraHi3amii [5];

UYerBepTa MO3HUIIIs - 1€ MPOIeCHUN Miaxia. Bin posrisnae OyaiBHUITBO, SK Oe3repepBHUN
TEXHOJIOTIYHHUH TPOIIEC, B SIKOMY Oepe ydacTh 0e3i1iu MpaiiBHUKIB, KOXKEH 3 KX BHOCUTH B HHOTO
CBIl TPYJIOBHI BHECOK, 1 3arajJbHUI pe3ylbTaT pOOOTH 3aJE€KUTh BiJl BHECKY BCIX y4acHHUKIB 0e3
BUHSTKY.

3 MPOIECHUM ITiIXOA0M TICHO ITOB'sI3aHUM 1'sTA TO3UIIS - CACTEMHHH ITi X111, SKUi nepenoa-
Yae MOJIMIIEHHS] CHCTEMH 33 IPUHITUIIOM 3BOPOTHOTO 3B'SI3KY 3 BUPOOJICHHAM 3armo0ixaux mid. Jii,
[0 BUPOOISIOTECA MOXKYTh MpUiiMaTH pi3Hi GOpMU: MOTHBAIlS MPAIiBHUKIB, Ki Oe3MmocepeaHbo
BUKOHYIOTh OKpeMi BUIM OyAiBeTbHUX pOOIT; MiABUIIICHHS KBaJi(iKalil mpamiBHUKIB; (HOpMyBaHHS
po00oUOTo MepcoHaly 3 ypaxyBaHHIM CTPYKTYPH poOiT; KOHTPOJIb KOCTI MaTepiaiiB; 3a0e3MedeHHs
SAKICHUMHU pOOOYNMH KPECICHHIMH; JOTPUMAHHS TEXHOJIOTIYHOT ITOCIiJOBHOCTI POOIT; JOTPUMaHHS
pYyCIOBUX MpHUMaHHA 1 30epiranHs OyIiBeIbHUX MaTepiaiiB TOIMIO.

[Iocta mo3uilist BKiItOYae B cede 6e3nepeprHe (MocTiitHe) moimmeHHs. besnepepsHe modin-
IIEHHS SIKOCTI HalpsSMJIEHO Ha CBOE€YACHE 3aJI0BOJICHHS MOTpeO ojel, IX O4UiKyBaHb Ta IHTEPECIB.
[{e 3a0e3neuye 3amac KOHKYPEHTOCITPOMOXHOCTI Ta M1BUILEHHS CITOKHUBYOI BAPTOCTI BUPOOJIEHOTO
OpraHizali€ro ToBapy, 110 CIPUATIMBO NO3HAYAE€THCSI HA €KOHOMIYHOMY CTAHOBHIII, SIK OpraHi3alii-
BUPOOHMKA, TaK 1 crioxkuBaya [1].

Cpoma mo3uilist 0a3yeTbcsi Ha METOJI MPUHHATTA pillleHb, 3aCHOBAaHOMY Ha (akTax. Buko-
HaHHS MM03ULIT BUMarae BUMIpPIOBaHb 1 300py TOCTOBIPHUX 1 TOUHUX JAHUX, 3 HACTYITHUM iX aHali-
30M, 110 nepeadayae crenianbHy MIATOTOBKY (haxiBILIB Ui 3aCTOCYBAaHHS BiJIOBIIHUX METOJIB.
Crnuparoyrich Ha ITI0 MO3UINII0, HE MOKHA BIIKHMIATH 3HAYSHHs JOCBiAY 1 1HTYIiLIl B MPUIHATTI pi-
I€Hb, aJI€ BayKJIMBO MIJKPIMUTH pilIeHHS, c(OpMOBaH1 Ha aHaJi31 (PaKTIB 1 3BITIB.

I ocTanHs, BoCcbMa MO3UIIIS - B3a€EMOBHUT'1/IHI BITHOCHHH Oy/1iBEIbHOI OpraHizaiii 3 mocraya-
JILHUKAMH Ta I IpSIHAKAMHU. [X B3a€MOBHTIiIHI BiJTHOCHHM 3a6€3Me4yI0Th 000M CTOPOHAM HaiKpalii
MO>KJIMBOCTI JUIsl peastizallii Ta BIPOBAXKEHHsSI CUCTEMM KepyBaHHs sKicTio. Tpeba miaTpumyBaTu
oOMIH 1H(OpMaIli€lo 1 IUIaHaMKU Ha MallOyTHE, IPOBOJAUTHU CHUIbHY pOOOTY 3 YITKHM PO3yMIHHSIM
MoTped CIOXKKUBAUIB, 3 METOIO MOJIMIIEHHS SKOCTI MPOIYKITii 1 mporieciB [4].

3acTocyBaHHS BOCbMH MO3HIII MOKe JO3BOJUTH OyAiBeIbHUM HIANPUEMCTBAM, SIK1 BIIPOBa-
mkytoTh CMK Cucremu MenemxkMeHTy SIKOCTI), 3aiHATH JIiIMPYIOUi MO3UIIIT B 09aX CIIOKUBAUiB 1
3ro/I0M 3aBOIOBATH PUHOK, TOMY ILIO ISl CHCTEMa 3/1aTHa 3a0€3MeYUTH BUTOAY BCIM yYacHUKaM, Kl
3aJIisH1 B IIsUIbHOCTI Oy/11BETIBHOI OpraHi3allii: 3aMOBHUKAM, aKllIOHEpaM, CIliBpOOITHUKAM, ITocTavya-
neHuKaM. SIkmo BBecth CMK B Taky opranizariito, B siKiii BOHa HE OCOOJMBO PO3BHUHEHA, MOXKHA
MIPOCTEKUTH HACTYIIHI MOJIMIIEHHS: 3aMOBHUKH MTOYMHAIOTh PO3IJISAATH MiANPHUEMCTBO, SIK HaIiii-
HOTO TapTHEPa, BHYTPIITHS OpraHi3arlis SKOro BiAMOBiAa€ MIXKHAPOIHUM BUMOTaM 1 UM TIPOTYKITIS
BIJNIOBIJIa€ iX BUMOTaM 1 OYIKYyBaHHSIM; BIACHUKM KOMIIaHiii HaOyBalOTh BIEBHEHICTh 1 TapaHTii B
MIPUCKOPEHH] OKYITHOCTI 1HBECTHUIIH, 1110 B OYIBEJILHOMY raiy3i rpa€ oJHy 3 MPOBIAHHUX POJIEH, 1,
oTXe, y 30UIbIIeHH] TpUOYTKY; CIIBpOOITHUKY 1 MiAPsAHI opraxizauii HaOyBalOTh BIEBHEHOCTI B
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CTaOUIBHOCTI 1 CTAJIOCTI 3aMOBJIEHb. 3 IbOTO BUILTUBAE MOJIIMIICHHS 3araJIbHOTO KJIIMaTy B OpraHi-
3arlii, yMOB Tipari Ta 3abe3neuye OuTbIly e(heKTUBHICTh pOOOTH; MOCTaYaIbHUKAM TaKOXX BHUT1IHE
CHiBpOOITHUIITBO 3 OpraHi3alli€to, sika 3aCTOCOBYE B CBOiil poOoTi nmpuHuunu TQM, Tomy mo ue
O3Hayae I HUX CTAaOUIBHICTh 3aMOBJICHB, B IMEPCIEKTHBI 3POCTAHHS BUPOOHUIITBA 1 HAMIMHICTD Y
nojanbIii ciiBnpani [2]. [Ipu BupoBakeHHI TaHHAX MPUHIIMIIB Y BAPOOHHUIITBO Oy IiBeJIbHA Opra-
Hi3aIlis 3aKPIITIOETHCS Ha PUHKY 1 Ha0yBae cTabiIbHICTh. TakMM YMHOM, BOHA ITOYMHAE BUCTYIIATH
rapaHToM Oe3MeKH 1 cTablIbHOCTI VTSt CBOIX MIAPS/IHUKIB, IOCTAYAIbHUKIB 1 3aMOBHHUKIB.

3. BucHoBOK. BripoBa/pkeHHS CHCTEM SIKOCTI Ta 3aCTOCYBaHHS PO3TIITHYTUX MO3UIIIN Ha Oy-
JIBETbHUX MIAMPUEMCTBAX € OJHHUM 3 HAaWBaXIMBIIINX YUHHUKIB 320€3MEUEHHS KOHKYPEHTOCIIPO-
MOXXHOCTI MPOAYKIIii Ta YCIIIIHOTO (DYHKITIOHYBaHHS Oy IIBEIbHUX KOMITAaHIM.
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COMPARATIVE ANALYSIS OF STRATEGIES FOR ADAPTATION OF URBAN AREAS TO CLIMATE
CHANGES

ABSTRACT. Purpose. Managing complex systems, especially those related to environmental bal-
ance, is among the most complicated tasks. Climate changes raise challenges for the safety and well being of
urban population. Successful solutions to these challenges can be found provided that thorough analysis of
the system interactions is conducted. The aim of the paper is to define the most efficient approaches to adapt-
ing urban areas to climate changes. Methodology/approach. The system analysis was based on the concep-
tual modeling. The three-step procedure included system description, cause-effect analysis, factors weighting
and utility calculation. The last step was multi-criteria evaluation, defining most efficient approach to adaptation.
Findings. The "city-climate-population” system has multiple components able to amplify the effects of climate
changes, but most of them are manageable. The comparison of three alternative approaches - nature-based,
organizational and engineering solutions, using multi-criteria evaluation, showed that the complex of nature-
based solutions will provide the best result, but the engineering solutions and organizational ones proved to
be competitive options. Research limitations/implications. The results of the modeling provide useful back-
ground for planning adaptation in cities and efficient use of available resources; however, it doesn’t give ready
solutions. Originality/value. The research results demonstrates feasibility of all alternatives, therefore, stake-
holders are able to make informative decision, which approach they will pursue, depending on the target issues
and finance reserves of a community
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NOPIBHANBHUA AHANI3 CTPATENA AOANTALIT MICBKUX TEPUTOPIA A0 3MIH KINIMATY

AHOTALJIA. B cTatTi po3rnagaloTbCsa cTpaTerii aganTauii MiCbKMX TepUTOPIN 40 KNiMaTUYHMX 3MiH.
UMHHUK KniMaTy Hatenep € ogHUM 3 OCHOBHMM MoAMAiKaTopiB PiBHA ekonoriyHoi 6e3nekn micta. 3Baxaroum
Ha 3MiHM KniMaTy Ta HacnigkuW, siki BOHW HECYTb, HEODOXiAHICTL aganTyBaTUCh A0 HOBMX KNiMaTUYHUX YMOB
NocTae y KOXXHOMY MICTi y Till Ym iHWIi Mipi. MeTognyHy OCHOBY [@HOro AOCHIMKEHHS CKNadae KoHuenTyansHe
MOZEMIOBaHHS, sike BKMOYaro Taki KpOKM: ONUC CUCTEMMU, B SKiV BiAOYBaeTbCA B3aEMOAIA Xutenis micta, Kni-
MaTy Ta AKOCTi AOBKINNs 3aranom; nobyaoBa KoHUeNTyansHoI Modeni, ONuc B3aEMOAii MK CKNnagoBUMKU CUC-
TeM; BU3HAYEHHS YMHHUKIB, LLO BM3HAYaloTb YCNIWHICTb aganTtauii Ta IX paHXyBaHHS 3a BaXNMBICTIO 3 Npus-
Ha4yeHHSAM BaroBux koedillieHTiB; 6araTokpuTepianbHa oLujiHKa 3anponoHOBaHMX cTpaTeri aganTtadii. B sikocTi
OCHoBWM anis poboTn OyB BUKopucTaHmin OBonoHcbkuin parioH Micta Kueea. [1o posrnsigy 6ynv 3anponoHoBaHi
cTparTerii, Wo OyayrTbCsA HAa OCHOBI LIEHTParbHOI KOHLENUiT — NPUPOAHNYI piLLEHHS, OpraHi3aLifiHi pilleHHs Ta
iH>XeHepHi pilleHHs. 3a pesynbTaTamMu NOPIBHAHHSA CTpaTeris aganTtadii, nodygoBaHa Ha BUKOPUCTaHHI nNpu-
POOHNYMX PilLEHb OTpMMana HalBULLMA PeNTUHT. [JaHa cTpaTeris Moxe 3abe3neunTty He nuvule npsami BUrogm
y dopmi aganTauii, a n gogatkosi nepesarn. Pasom 3 UMM, BNpOBamKEHHSI NPOEKTIB 3 PO3LUMPEHHS 3€MNeHOT
Ta BbnakuMTHOI Mepexi MicTa noTpebyBaTMe CEPMNO3HOro NnepennaHyBaHHA TEPUTOPIi Ta nepernagy TpaHcno-
PTHUX MapLUpyTiB. Baxnveo BigMiTUTK, WO iHWI pO3rNsaHyTi cTpaTerii oTpumanu BUCOKi 6anu B Xo4i OuiHKK, a
OTXKe CTEVKXONAEPU NPy NPUNHATI piLleHHS Woao Bubopy cTparterii aganTtauii MoXyTb 06paTu iHWy cTparTerito,
ane BXe LjifKoM CBiAOMO oo ii HegonikiB Ta OYiKyBaHOT e(PEeKTUBHOCTI.

KnroyoBi cnoBa: agantauid 4o 3MiHW KnimaTy, MiCbke cepefoBuLLe, NPUAHATTS pilleHb, baraTokpu-
TepianbHe OLiHIOBaHHSA, CTaH 4OBKINNs.

1. Introduction. Adaptation to climate changes is an important issue for consideration in
most of development projects of settlements. In particular, cities turn to be hotspots of climate
changes due to both high concentration of population and factors contributing to aggravation of
thermal pressure. At the same time urbanization is ongoing trend for most countries and expansion
of residential areas must be done in a way, which reduces possible health threats and ensures safe
living conditions.

A wide variety of similar projects have been already developed, but adaptation is always
in need for some original ideas and thorough considerations, since there is no single solution that
fits all cities.

2. Literature Review. Ukraine has adopted the Strategy for environmental safety and ad-
aptation to climate change to 2030, stating that there is a range of cross-sectoral problems for
development and implementation of efficient responses to climate changes [1]. In particular, there
is a problem with a range of fundamental problems, like lack of the existing trends analysis and
risks assessments for cities [2]. Without the appropriate risk assessment and vulnerability assess-
ment of each city the risk of maladaptations increases, leading to even more severe problems [3].
Furthermore, adaptation to climate changes intends the development of full-scale strategy, which
covers all components of urban ecosystem and municipal infrastructure [4]. But it should not end
up in only plan and description, the implementation plan and milestones must be embedded into
any strategy to guarantee its efficiency. Adaptation to climate changes has also been recognized
as one of Sustainable Development Goals and as such it turned to be strongly interacting with all
other goals, which wasn’t obvious at the beginning of this trend [5]. In particular, equality is an
important issue, since not only countries, but neighbourhoods within a single city have very dif-
ferent possibilities and potential for adaptation [6].

Ukrainian approach to climate adaptation is under active development now. The rate of the
downscaling National strategy to local needs is stimulated by the need to plan post-war reconstruc-
tion of cities, which opens a new room for integration of climate change into municipal planning
and design strategy. There is a range of successful programs implemented in Vinnytsia, Zhytomyr,
Khmelnytskyi, Kamianets-Podilskyi. But there is one very important issue, typical for all these
cities and their strategies: they work mostly towards reduction of GHGs emissions and mostly via
energy efficiency improvement. Undoubtedly, this is a task of highest priority, but this is not about
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adaptation, rather it deals with mitigation of climate changes. Thus, there is a need to understand
the complex interactions within urban system at the interface of climate, infrastructure, human
health and environment quality in order to build a clear picture of adaptation approaches able to
provide high efficiency at lower costs.

3. Problem Statement. Climate adaptation is only efficient when it addresses local issues,
created by climate change effects and is tailored to local environmental, social and economic con-
ditions [7]. Given that the idea of the research was to consider perspectives of different adaptation
strategies on the example of urban areas with the highest urgency for mitigation and adaptation
efforts. The choice was made through the focus of heat island intensification, since it is the most
profound manifestation of climate changes in cities. Based on thermal maps of Kyiv city, produced
by satellite imagery [8], the areas with the highest land surface temperature were defined. These
are Obolon district (eastern part) and Darnytsky district (Kharkiv massif and Osokorky massif).
Of these areas Obolon district possesses the most unfavourable combination of factors.

Thus, the Obolon district of the city of Kyiv borders the right (western) bank of the Dnieper
River, which provides a general cooling affect for its eastern part. But closest to the river, this
cooling is considerably reduced due to a dense row of high-rise buildings along the river. As a
result, this area is characterized by high density of buildings, intensive air pollution, small areas
of water bodies and green spaces, and a comparatively intense heat island.

So, the main research question was formulated as follows: How to reduce the intensity of
climate changes effect on the residents of Obolonsky district?

The tasks included development of the conceptual model for the system, analysis of im-
pacts, formulation of alternative adaptation scenarios and their comparison, using the modelling
apparatus of Multi-Criteria Evaluation. The expected result is not the exact plan of action, but the
focus of adaptation measures, which has potential to shift the balance in the ecosystem toward
more comfortable and safe living condition even under growing thermal pressure.

This preliminary modelling also provides a critical perspective on uncertainties that need
attention for actual management decisions.

4. Methods and Materials. The interactions in the system “residents-climate-living con-
ditions” form a very complex system, which need transdisciplinary efforts for their solution. To
facilitate this task it is necessary to understand the structure and dynamics of such systems, which
can be achieved with the help of conceptual modelling, avoiding complicated math work.

The interest to conceptual modeling has grown considerably over the last decade, and as a
result a variety of approaches is available now, producing certain confusion [9]. The given research
generally follows the framework, suggested by R. Steavens, based on earlier publications by
Keeny (1976) and Saaty (2008) [10]. The general procedure in this case includes three major steps:

1) System characterization. This includes description of the environment or conditions as-
sociated with the problem, factors and processes defining the system under investigation. The re-
sults of the initial data collection are formed into so called System Sketch, which is used to deter-
mine the parameters most appropriate for further modeling.

2) System structural analysis. This step intends to identify and study in details parameter
relationships in the system. The central part of this step is the development of the impact matrix,
which reflects the intensity of impact of each parameter on others is rated by the scale from 0 to 4.
The accumulated sums of rows and columns represent the combined impact and effect of param-
eters on each other, and these sums are used as coordinates to plot a “Cause and Effect” diagram.
The diagram analysis helps in defining those parameters, whose manipulation can help manage
the problem towards the desired solution.

3) Synthesis modeling (using Multi-Criteria Evaluation, MCE). MCE is a very useful tool
for combining the impact of different parameters within a system on its final status. This is the
moment when the conceptual modeling shifts from the internal relationships in the problem to its
solutions. The MCE has been proved to be efficient for the solution of various environmental tasks
[11] and for urban sustainable development planning in particular [12]. It is also the step at which
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computation techniques are used and qualitative parameters are given specific numerical values.
The overall structure of a MCE is described with the equation:

R=w -u, 1)
where R is the rank of each solution, wi — weight of each parameter of the system, ui — level of
each parameter in the given solution.

Since parameters are given in different units, they are transferred into the values from 0 to
1, using specially constructed utility diagrams.

Complex systems like the one discussed in the given paper are The Multi-Criteria Analysis
represents a group of methods applied to support decision making process in cases of preliminary
site and situation assessment and when the necessary data are partially lacking or absent.

5. Results. System Sketch: Extreme hot periods increase the risk of heatstroke and nega-
tively affect people's health in general. Indoor cooling in buildings leads to an increase in electric-
ity consumption.

Climate change can also have an impact on the vegetation and green spaces in the area.
High temperatures and insufficient moisture can lead to plant death, affecting the aesthetic appear-
ance of the area and air quality. At the same time, changing precipitation patterns cause increased
precipitation over shorter periods time of time, which, in turn, lead to inefficient runoff collection
and flooding. All together these factors lead to degradation of water quality.

As a result, urban residents are under the combined pressure of environmental, social and
economic effects due to climate change. Moreover, factors from these groups further amplify each
other, with environmental effects causing the most intensive feedbacks.

However, most of these effects are manageable (Fig. 1) and thus an efficient strategy for
city adaptation should be able to mitigate most of consequences.

Text —manageable impacts
Text — non-manageable impacts

Economical

- Increased water
consumption

- Increase in costs for water
treatment

- Increase in 616C[L’1J1[§
consumption

Environment

- Extreme weather events
-Flooding - Social tension

- Increase in the level of PM2.5, - Increased loads on

PMI10 recreational facilities
- Reducing the number of green - Growing expenses
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toxicity of pollutants in the air Y
- Increased level of Insolation

- Deterioration of water quality

- Change in air humidity
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- Spread of pests (insects)

&

Fig.1. System sketch: effects of climate changes on humans in city

System Structural Analysis

Using the system sketch, the most important components of problems in the system “resi-
dents-climate-living conditions” were defined for Obolon district and listed as follows:

1. Flooding — the one caused by heavy rains over untypically short periods; this problems
connected to the storm water collection system, which is not designed to receive such high volumes
of runoff;

2. Air pollution — it is typical problem of cities, but extreme heat leads to the formation of
secondary pollutants, raise human health hazards.

3. Urban heat island is a part of settlements microclimate, but climate changes are able
increase its intensity.

4. Green spaces decline is also common issue for urban green infrastructure, due to com-
bined pressure of environment pollution of all components; but climate changes accelerate this
process and also force the change of species composition.
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5. Water quality issues appear in various forms in cities, but due to climate changes and
intensified urban heat island, additional polluted runoff enters local water bodies without treat-
ment, thus compromising water supply to local residents and enterprises.

6. Medical problems are the direct consequence of heat waves and urban heat island inten-
sification, leading to reduced quality of air and water.

7. Pressure on recreation facilities — it is growing, since overall area of green spaces is
declining, but people in search for cool and shaded areas are more interested in visiting recreational
areas of a city.

8. Growing expenses of urban residents appear due to longer working hours of climate
control systems and medical expenses to treat heat induced health disorders.

9. Demand for power — it is general trend for urban areas, but air conditioning systems,
additional water treatment and pollution control lead to increasing power consumption.

The defined components of the problem were studied in terms of their mutual interactions.
The impacts within the system were rated from 0 to 4 (Fig.2). These interactions were also pre-
sented as a figure, demonstrating interactions and mutual impacts of different strengths and poten-
tial for positive feedback loops (Fig.3). The system is dynamic and has high variability of states
over time.

Flooding| pollutio | heat

] 12 16 15 23 [ 19.5

Fig. 2. Impact matrix
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Fig.3. Most important impacts in the system

Based on the sums obtained from Impact Matrix, impacts were plotted to separate causes
from effects (Fig.4). Urban heat island and flooding are the obvious causes of most problems in
the city, while health issues and living standards are the most affected.
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Fig.4. Impacts Interactions in the system

There is a range of impacts involving both of these aspects and therefore able to provoke
additional effects if forcing trends are not checked.

Multi-Criteria Evaluation

At the next step the modeling process puts its focus on the choice of efficient solutions to
the problem. Since the main research question was about the reduction of the intensity of climate
changes effect on the residents of Obolonsky district, the Factors of City climate formation were
considered from the point of their potential contribution or prevention of the urban adaptation to
climate change. The analysis showed that the massive of factors can be divided into input factors,
which create and limit the potential for adaptation and output factors, which represent the desired
effects from adaptation (Fig. 5).

Input factors Output factors

Reduction of UHI

Improvement of infrastructure
Prevention of flooding

Improve air quality

Reduce morbidity

Expansion of recreation facilities
Increased living standards
Reduced expenses

Water quality improvement

Cost

Feasibility

Landscape conditions

Urban planning

Number of affected population
Public opinion

Autharities position

Time to effect

Professional expertise of involved
officials and

T I
CmNO OB LN~

Adaptation to
Climate changes

Fig. 5 Factors important for decision making in adaptation of urban environments to climate
changes

For the purpose of modeling the shortlist of factors, reflecting efficient adaptation, was
formed and includes:

. Reduction of UHI

. Prevention of flooding

. Improve air quality

. Reduce morbidity

. Water quality improvement
. Cost

. Feasibility

For each of the factors considered, the weights (w) were assigned according to their relative
importance for the adaptation efficiency via pair-wise matrix comparisons (Fig. 6).

Relative weights of factors were assigned by the members of the team individually and
then revised and final weights were assigned by compromise between assigned individual weights.
The general idea of the pair-wise comparison is reverse symmetry: in each pair of factors one was
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rated as 3-6-9 and then the second factor would be granted a reverse weight — 1/3-1/6-1/9 corre-
spondingly. If both factors are equally important, they are both given rating of 1.

Reduction | Prevention |Air quality| Reduce | Water Cost |Feasibility
of UHI | offloeding | improve- [morbidity| quality
ment improve-
ment

Weight

Reduction of
UHI
Prevention of
flooding
Improve air
quality
Reduce
morbidity
Water quality
improvement

1.00 1.00 1.00 3.00 3.00 3 12.00

033 0.17 1.00 3.00 3 8.50

1.00 3.00 1.00 6.00 3 15.00

1.00 6.00 3.00

033 1.00 1.00

Cost 033 033 017

Feasibility 033 033 033

Fig. 6. Weighting matrix for adaptation factors

As it is seen from the Fig. 6 the most important targets are reduced morbidity and improved
air quality, followed by reduction of the urban heat island. The lowest weights of costs and feasi-
bility are explained by the general assumption of the working team that building adaptation poten-
tial of a city under current condition cannot be limited by costs (it is managed via dividing projects
into stages), nor by technical feasibility, which will be important, when considering and comparing
exact actions.

Alternative approaches to adaptation of the district to the climate changes were built around
a major conceptual principle, used to develop the possible action plans:

- Sc.1 — Nature-based solutions - Development of green and blue infrastructure.

- Sc.2 — Complex of organizational solutions, which does not need major inter-
ventions into infrastructure and build the result on combination of small, but efficient unit
changes, including change of coloration on buildings; shading systems; outdoor systems for
cooling (irrigation, fountains, etc.); improvement of drainage system.

- Sc.3 — Engineering solutions — this scenario represent the most intensive recon-
struction of a city, which includes urban transport modernization, development of renewable en-
ergy facilities, renovation of industrial areas to remove major sources of environment pollution
and put the enterprises their on track to sustainability

These scenarios or strategies of adaptation were rated using MCE and the equation (1).

To make the factors comparable in terms of units, they were transformed into relative in-
dices, based on utility diagrams, demonstrating the dependencies between the values of factors and
adaptation efficiency. These diagrams (Fig.7) were set based on available research data and com-
petence of the participants.
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Fig. 7 Utility diagrams, showing dependence between the value of factors and efficiency of ur-
ban area adaptation

By combining the factor values in terms of adaptation efficiency (they are shown for each
scenario at Fig. 7) and relative weight in the system the total sums of utilities for each strategy

were derived and plotted on the diagram (Fig.8).

60

Feasibility

50

= Cost

40
B Water quality
improvement
30
B Reduce morbidity
20 mImprove air quality
B Prevention of flooding
10
m Reduction of UHI

Nature based Organizational Engineering
solutions solutions solutions

Fig. 8 Comparison of adaptation scenarios

Scenario 1 — Nature-based solutions, received the highest score, since it is able to reduce
urban heat island intensity, improve air and water quality as well as reduce morbidity better than

others.
It is also able to provide additional opportunities apart from climate adaptation:

- Create new jobs;

Motivate the improvement of urban planning legal framework;

- Increased efficiency of resource use;
Expand recreational opportunities and provide tourist attraction.

However, it will probably cause displacement of some population and problems with

transport routes redevelopment.
Support and maintenance of created green and blue infrastructure is costly in terms of fi-

nance and labor.
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5. Conclusions:

Based on the MCE, we observe that the first scenario (nature based solutions) has the great-
est cumulative score compared to the others.

Another important result of modeling is that organizational solutions, which are relatively
easy to implement and finance, are almost comparable in the achieved effect with the Engineering
solutions, which include massive reconstruction and modernizations of industrial areas, urban
transport and infrastructure.

As a result stakeholders may choose the option with Organizational solutions due to its
cost-benefit ratio.

If the improvement of human health is in the focus, that the Nature-based solution option
will be the optimal one, but if the reduction of Urban heat island is a priority, than the Organiza-
tional solutions may be seen more attractive. Some parties could be also interested in the third
scenario because it is advantageous for economic reasons will give positive effects beside climate
adaptation itself.
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MINERALIZATION OF THE SUBSOIL WATER IN THE SOIL OF THE SIYAZAN SUMGAYIT MASSIVE

ABSTRACT. The thorough information of the soil in the Siyazan-Sumgayit massive was given in the
article. It was determined as a result of the investigation that grey-cinnamonic soil of the central and coastal
zones.

In the research period the water samples were taken from the drain paasing through the edge of the
experimental area selected in the massif, from the channel of the Takhtakorpu Reservoir and the soll
section and mineralization was determined in it. It was defined that mineralization in the same water
samples was 5,75 g/l (for dry residue); 0,58g/l in the channel, but 2,16 g/l in the soil section. The salt type
is chlorine in drain, but it is chlorine-sulphatic in the channel and soil section.

The groundwater spreading in the zones of the Khizi and Siyazan regions is sulphate- chlorine-na-
trium, chlorine-sulphate-natrium for a chemical composition. The long-term researches indicated that a level
of groundwater in the Khizi region changes 1-18m from the surface, but it accordingly changes by 0.5-
16.5m and 0.3-8.5m. In small areas the groundwater level changes by 0.5-16.5m, but mineralization rate
changes from 0.8g/l to 69.3g/l. The soil over three regions is exposed to chlorine-sulphate, sulphate-chlo-
rine salinization.

Key words: subsoil water, mineralization, evaporation, salinization, irrigation
MIHEPAJIIBAIISI IPYHTOBUX BOJ[ Y TPYHTAX CISI3BAHCBKOI'O CYMI'AITCBKOI'O MACHUBA

AHOTALIA. Y cmammi HageOeHo su4depriHy iHgbopmauito npo rpyHmu CissisaHcbKo-CymeaimcbKo2o
Mmacugy. B pesynbmami 0ocnidxeHb CmaHO8/1eHO, U0 CipOo-KOPUYHI rpyHmu yeHmparnbHoi ma npubepe-
)KHOI 30H.

Y nepiod docnidxeHb bynu gidibpaHi npobu eodu 3 dpeHaxy, Wo npoxodums yepe3 Kpal 0ocnidHor
dinsiHku, sudineHoi 8 macusi, 3 pycra Taxmakopny eodocxogullla ma 8uUsHa4yeHo 8 HbOMY PO3pi3 rpyHmMy
ma MmiHeparnisaujito. BusHa4yeHo, wo MiHeparnizauyis 8 mux xe npobax eodu cmaHosura 5,75 2/ (o cyxomy
3anuwky); 0,58 a/n 8 pycni, ane 2,16 a/n & 2pyHMoeoMy po3pisi. Tur coni — ye xsiop y cmoui, ane xiopHo-
cynbthamHud y pycni ma rpyHmosit YacmumHi.

[1id3emHi 800u, wio po3noscrodxyrombcsi 8 30Hax XisiHcbkoeo i Cig3aHCbKo20 palioHie, 3a XiMiHHUM
cknadom € cynbghamHo-XJI0pPHO-HampieguMu, XJ/10PHO-CynbamHo-Hampiesumu. basamopiyHi doci-
OXXeHHS1 rnokasarsu, Wo pieeHb nid3emMHuUx 800 8 palioHi Xu3u 3miHoembcs Ha 1-18 m 8i0 nosepxHi, ane
8i0noegidOHo 3miHoembcsi Ha 0,5-16,5 M i 0,3-8,5 M. Ha Hegenukux GinsiHkax pieeHb rpyHmMosux 800 3MiHo-
embcs Ha 0,5-16,5 M, ane rokasHuk MmiHepanisauii amiHroemscs 6id 0,8 a/n do 69,3 a/n. MpyHM mpbox
patioHig rniddaembcsi XITOPHO-CYibhamHOMY, CyribghamHO-XIT0PHOMY 3aCOMEHHIO.

Knroyoei cnoea: epyHmosi 600u, MiHepanisauisi, aunapo8yeaHHs, 3aCOSIeHHS], 3POUEHHS

1. Introduction. The soil was subjected to salinization and solonetzification to a different
degree as a result of intensive use of the soil in connection with the agriculture development. A
level of the subsoil water gradually rises as result of irrigation, the salt in its content is collected
in the upper layers and the same zones become saline. In order to prevent salinization that may
occur in connection with this, high agrotechnical complex should be applied in irrigation agricul-
ture, the irrigation networks should be correctly used and the irrigation rules must be correctly
performed [10]. The soil in the Siyazan-Sumgayit massive is salinized to a various rate, and study
of mineralization of the subsoil water is considered an actual issue.
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2. Research object and method. The experimental areas have been selected in the Gilazi
and Shurabad villages of the Khizi district which is situated in the Siyazan-Sumgayit massif. The
water samples were taken from the drain passing through the edge of the experimental area selected
in the massif, from the canal of the Takhtakorpu Reservoir and soil selection and the chemical
analyses were implemented according to the widespread method in the republic. [4]

3. Discussion and Analysis. Some scientist performed researches in the Siyazan-Sumgayit
massif which has delivial plain. Firstly, S.1.Tyuremnov showed that there is salinized soil with
deluvial origin in Azerbaijan. Later, V.R.Volobuyev, V.A.Kovda, A.N.Rozanov, V.V.Yegorov
and others investigated salinization of the soil in Azerbaijan plains. The researches noted that the
chestnut, grey-cinnamonic soil (Calcic Cypsisols) spreaded in the Siyazan-Sumgayit massif. The
deluvial and salinized soil in the foothill plains of Azerbaijan was subjected to partial absorption
and irrigation. The soil of the appropriated zones is used under cereal plant, but a little areas are
used under the orchard plants in the Siyazan-Sumgayit massif. The soil over the whole profil is
calcareous, it boils with chloride acid to a strong, M.R.Abduyev (1966) noted that from the surface,
boiling from acid is very strong for grey-cinnamonic soil. The grey-cinnamonic soil in the thin
dense layer (40-50cm) of the massive soil is subjected to strong salinization. Dry residue is 2,5-
2,8% in the saline soil. The plume zone of the massive is distinguished with the shortage of humus,
and this related to the development of the salttolerant plants. pH index is higher in the deep hori-
zons. The characteristics soil develop in the deluvial sediments collecting in the plumes and in the
ravines.

The porous greenish (palevo-)-grey crust is observed on the upper layers of the grey-cinna-
monic (Calcic Cypsoils) soil. Absorbed Na is 30-50% in the saline horizons of the Siyazan-Sum-
gayit massive, a sum of the absorbed bases is 17-24 mg.eq. Such cases indicate beginning of the
solonotzefication process [12].

A color of the humus layer in the grey-cinnamonic (calcic Cypsisols) is grey-cinnamonic,
greyish and it is observed at 40-50cm. Depth of the subsoil water in this soil is 2-5 meters and
mineralization changes by 3.0-17.6 g/I.[6].

Formation of crust in the grey-cinnamonic (Calcic Cypsoils) soil is connected with the high
dispersion of the organic part and contrast in hydrothermic regime if the soil. The meadow-desert-
grey-cinnamonic soil spreads in the small areas of the zone with the same soil [5]. They develop
under cereal-wormwood plants in the depression area. This soil becomes differently leached or
salinized to a various degree depending on character of the soilforming rock location in the relief.

Within grey-cinnamonic soil, it is possible to find soil with all types of granulometric com-
position, from sandy soils to loamy soil. This soil belongs to chloride-sulphatic type and weak
structure is characteristic for the same soil and the humidity supply isn't more [9].

Kuloshvili N.S. divided the subsoil water into two are as for its location depth as a result of
his researches in the massif in 1948. The first area is situated near the sea and forms the terrace of
the ancient Caspian Sea, here the groundwater is located at a depth of 6-10 m from surface. The
groundwater is observed at a depth of 7.5 m in the southeast of Zarat settlement. But the ground-
water is revealed at a depth of 8-9m in the area joining the middle zone of the deluvial-proluvial
plain. [2]

Akbarov I.A. [3] studied water-salt regime in the irrigated soil of the Siyazan-Sumgayit mas-
sif. It was determined as a result of the consequences that slow decline of the salt supply in the soil
of the experimental area in the research years.

Ismayilov B.N. [7] studied an impact of irrigation on dynamics of the soil processes in the
meadow-grey soil of the Samur-Davachi massif and he determined that the profile was subjected
to the strong morphogenetic changes as a result of intensive use of the various agricultural plants
and irrigation with silly river water for a long-term irrigation of ameliorated species leached from
salt in meadow-grey soil.

Suleymanov N.R. [11] performed long-term researches in the massif, and determined that
the heavy gleyey soil with natural origin of the Siyazan-Sumgayit massif widespread in the plain
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part of the coastal zone. Absolute maxima and minima of the hydrothermal regime create a condi-
tion for formation of takyr-like morphological structure in the upper layers of the soil.

The hydrogeological condition of the region is various, waterpermeability of the ground
stratum that is located near the surface is small and very small depending on geomorphological
structure of the ground [8].

The useless water-physical character of the soil in the zone doesn't allow to get high crop
from agricultural plants. At the same places of these zones forms crust in the gleyey soil, this
demands conduction of the special agrotechnical measures in the same soil. A chemical composi-
tion of the groundwater in the Khizi and Siyazan regions is sulphate-chlorine-natrium, chlorine-
sulphate-natrium.

The groundwater of the Siyazan-Sumgayit massif is located at a depth of 1.6-2.0m from the
surface in the coastal part. Mineralization of the groundwater over the seasons vibrates by 35-
45g/l. The salt type belongs to chlorine-sulphate, sulphate-chlorine in the groundwater of the mas-
sive.

Table 1. Analysis results of the water samples taken from the channel and Takhtakorpu water
reservoir passing from the zone of the experimental area

Number of Mg.eq/g/l Salt Dry resi-
the section sum, due, g/l
CO3| HCOs Cl S04 Ca Mg | Natk g/l
N-2 drain No 5,20 908 | 1349| 105 | 885 | 1049| 5,75 5,97
(doesn't 0,317 | 3,178| 0,648| 0,21 | 1,062| 0,242
work)
N-3 TWR No 3,20 160 | 3,997| 3,00 | 450 | 1,297| 0,58 0,71
Irrigation 0,195 | 0,056| 0,192| 0,06 | 0,054 | 0,029
canal
N-2 soil No 8,00 9,40 | 1399| 250 | 425 | 2464| 2,16 2,16
H=1.80 0,488 | 0,329| 0,672 0,050| 0,051| 0,566

As it is seen from the table, COs ion wasn't observed in the water sample taken from the drain.
A quantity of HCOz in anion composition was 0.317g/l, a quantity of Cl was 3.178g/l, a quantity of
SO ion was 0.648g/l. A quantity of a Ca in cation content was 0.219g/l. The water mineralization
in the drain (for dry residue) was 5.75¢/I.

A quantity of HCOgion in anion content in the water sample taken from the water reservoir of
Takhtakorpu was 0. 195g/l, a quantity of Cl was 0.060g/l, but an amount of SO4ion was 0.192 g/I.
An amount of Ca in cation content was 0.060g/I, a quantity of Mg was 0.054g/l,but a quantity of
Na+k ion changed by 0.029¢g/l. Mineralization(for dry residue) was 0.58g/l in water sample taken
from the water reservoir of Taktakorpu

Table 2. Assessment of water for mineralization rate

Number of Names of the samples Mineralization of wa- | Usefulness for irriga-
the section ter,g/l tion
1 N-2 drain 5.75 Completely useless
(doesn't work)
2 N-3 TWR 0.58 useful
Irrigation canal
3 N-2 soil 2.16 Less useful
H=1.80

HCO:s ion is 1.60g/1, CI-0488g/l, SO4 ion is 0, 329¢/l in anion content of the water sample
taken from section 2(depth H=1.80m), in the channel of the Takhtakorpu Water reservoir. In cation
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content a quantity of Ca is 0,050¢/l, Mg-0,051g/l, Na +K ion is 0,566g/l. Mineralization (for dry
residue) is 2,16g/l in the water sample taken from channel of the Takhtakorpu Water reservoir.

It was determined that the water samples taken in the research period are useful for irrigation.

If SAR<10 the water is considered completely suitable for use, if SAR=10-18 it is suitable, if
SAR>26 it is considered unsuitable for use. As it is seen from Table 2, the water in the drain is
dangerous for irrigation 5,75g/l; it is suitable in the Water reservoir of Takhtakorpu (0,58); it is less
suitable in the water sample taken from the soil section (2,16).

The salt type was determined in the same samples according to V.R.Volobuyev's [1] classifi-
cation.The salt type according to CI/SOgratio in the drain is chlorine ,but it is chlorine —sulphate in
the water sample taken from TakhtakorpuWater reservoir (Table 3).

Table 3. Definition of the salt type salt typefor Cl:SO4 in the drain, in the water of the Takhtakorpu
Water Reservior and section

Sections Cl:SOq Salt type
Drain 4.90 Chlorine
Takhtakorpu Water Reservoir 0.90 Chlorine- sulphate
Section 2 0.48 Chlorine-sulphate

4. Conclusion. As a result of the researches it was determined that the water mineralization
in the Siyazan-Sumaqayit massif was 5.75 g/l in the drain, 0.58g/l in the channel and 2.16g/I in the
soil section.

The result indicated that it was dangerous and less suitable for irrigation accoding to useful-
ness.The salt type is chlorine in the drain, but chlorine-sulphate in the channel and soil section.
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